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INTRODUCTION.
This work is "based on clinical, "biochemical and 
pathological observations on diphtheria patients who 
were under my care in the wards of Ruchill Fever Hospital, 
Glasgow, between April, 1933, and April, 1935. It is 
intended to show, in the first place, that the effects, 
which, in the acute stage of diphtheria, are ascribed to 
absorption of diphtheria toxin, are similar to effects 
which are known to be associated with deficiency of the 
secretion of the cortical part of the suprarenal glands, 
and in the second place, that a method of treatment, which 
has been proved to be of value in conditions character­
ized by suprarenal cortical deficiency, can also be util-' 
ized with benefit in diphtheria.
The acute stage or diphtheria is characterised by 
general and local symptoms. The general symptoms are 
attributable to absorption into the circulation of toxins 
elaborated by the organisms which cause the disease. The 
local symptoms result from tissue reactions to the action 
of toxins at the site where the infecting organisms are 
present.
The general symptoms can be classified according to
the manner in which they appear to affect the nervous 
system, the cardiovascular system and the kidneys.
(a) The effect on the nervous system in the acute 
stage is the production of lassitude or prostration. Sven 
in the mildest case there is an element of apathy or 
listlessness, which is evident from the lack of resent­
ment to examination and from the fact that the patient 
submits to the injection of serum with a minimum of strug­
gling in contrast, for example, to a patient suffering 
from scarlet fever. The degree of lassitude or prostra­
tion appears to vary with the severity of the toxaemia 
and is extreme in critical cases.
(b) The effect on the cardiovascular system is shown 
by palpation of the pulse and by physical examination of 
the heart. The pulse is rapid, soft and easily compres­
sible. In extreme cases there is enlargement of the 
precordial dulness due to dilatation of the heart, and 
there may be murmurs due to valvular incompetence. Nor­
mally, the first heart sound is long and dull and the 
second sound is short and clear; in diphtheria, the 
contracting heart muscle does not make its normal contri­
bution to the composition of the first heart sound which, 
in consequence, becomes short -and sharp and approximates
in character to the second heart sound. The poor action 
of the heart is also shown by the tendency towards pallor 
of the face and mucous membranes and towards cyanosis of 
the lips and finger-tips. Again, the risk of sudden 
cardiac failure with collapse is present and makes nec­
essary the nursing of the patient in the horizontal pos­
ition and the avoidance, on his part, of sudden movements.
(c) The effect on the kidneys is shown by the presence 
in the more severe cases of albuminuria.
Estimates of intoxication in diphtheria, based on
(1)
clinical observations, have been made, notably by van Bie, 
who divides cases into three groups, A, B and C, accord­
ing to the degree of prostration, the extent of cardiac 
involvement and the amount of albuminuria when considered 
with the state of foetor of the breath, the severity of 
lymphadenitis in the neck and the quantity of nasal dis­
charge.
The local symptoms depend on the site and extent 
of the local lesion. This lesion consists of the pre­
sence of a greyish pseudo-membrane, which is formed as 
a reaction of the patient*s tissues to the presence of 
the causative organisms and is found usually on the mucous 
membrane of the upper respiratory or alimentary tracts
or, less commonly, on the conjunctiva, external geni­
talia or wounds* Typically, the pseudo-membrane is
present on the mucous membrane in the faucial region
and, according to its extent in this situation, cases
(2)
of diphtheria have been classified by Van Bie in eight 
groups as follows:
Group 1 - a slight amount of pseudo-membrane
is present on the tonsils,
Group 2 - pseudo-membrane is more extensive
but does not dcver the tonsils,
Group 3 - pseudo -membrane covers the tonsils
completely,
Group 4 - pseudo-membrane covers the tonsils
and spreads beyond the tonsillar 
surfaces,
Group 5 - pseudo-membrane covers the tonsils,
spreads beyond the tonsillar surfaces 
and involves the margin of the soft 
palate,
Group 6 - pseudo-membrane covers the tonsils,
spreads beyond the tonsillar surfaces 
and involves the margin of the soft 
palate and the uvula,
Group 7 - pseudo-membrane covers the tonsils,
spreads beyond the tonsillar surfaces 
and involves the greater part of the 
soft palate and uvula,
Group 8 - pseudo-membrane covers the tonsils,
spreads beyond the tonsillar surfaces 
and involves the uvula and the soft 
palate as far forward as the teeth and 
the posterior margin 'of the hard palate.
The local lesion is not at first accompanied by 
symptoms of discomfort and it is not infrequent to find 
even a very severe case of diphtheria with a relatively 
slight complaint. An inflammatory reaction takes place 
in the regional lymphatic glands, and causes painful 
swelling of those organs which varies in size and degree 
of pain with the extent of the local lesion and with the 
occurrence of secondary infection with other organisms 
than those vfcich caused the initial lesion. The presence 
of pseudo-membrane in the mouth, nose or throat causes a 
characteristic foetid odour to be given to the breath. A 
sanious nasal discharge is an accompaniment of pseudo­
membrane in the nasal cavities.
Neither of the two methods used by Van Bie for esti­
mating severity in the acute stage of diphtheria is en­
tirely satisfactory. The classification based on an 
estimate of general intoxication fails in that cases with 
an extensive local lesion occasionally show very little 
sign of intoxication and yet their clinical condition in 
the recovery stage is such as usually succeeds a severe 
attack of diphtheria, and vice versa. Again, the class­
ification derived from the extent of the pseudo-membrane 
in the faucial region has several drawbacks. In the first
place, cases of diphtheria in which the faucial structures 
are free from pseudo-membrane are excluded; these include 
cases of diphtheria of the nose, pharynx, larynx, con­
junctiva, genitalia and wounds, which would be included 
in the classification based on general symptoms of intox­
ication. In the second plaee, cases of diphtheria with 
slight faucial pseudo-membrane and, therefore, belonging 
to one of the least severe groups in the classification 
based on the extent of pseudo-membrane, will, if there 
is a diphtheritic lesion in another region, probably show 
signs which will warrant placing them in one of the more 
severe groups in the classification based on general in­
toxication.
In the present investigation, the severity of the 
acute stage of each case was assessed by a method based 
on both the methods introduced by Van Bie. As regards 
toxaemia, cases were included in Group A if apathy was 
slight, if the heart sounds were of good tone and tachy­
cardia was absent (taking into account an increase of 
pulse rate commensurate with the pyrexia of the patient 
and, also, the age of the patient) and if albuminuria 
was not found; they were placed in Group G if prostration 
was evident, if the muscular component of the first heart
sound was poor and tachycardia was considerable or if 
albuminuria was severe; intermediate cases were included 
in Group B. In estimating the extent of faucial pseudo­
membrane, Van BieTs classification was followed with the 
exception that when a lesion was mainly unilateral the 
grouping was estimated for each half of the throat as if 
the other half were similarly covered with membrane and 
the average value taken. The fourteen groups actually 
obtained in this manner were combined, as in the follow­
ing table, into four main groups containing respectively 
MILD CASES, MODERATE CASES, SEVERE CASES and VERY SEVERE 
CASES>
TABLE I.
Classification of Cases of Diph^ 
theria according to the Severity 
of the Acute Stage.
Groupings of the same 
















This classification, therefore, excludes from consideration
all cases in which a faucial lesion was absent and also 
cases which were only detained in the wards as being
carriers of diphtheria organisms. In addition it was 
decided to discount patients in whom there was a small 
faucial lesion and also a laryngeal lesion "because in 
those patients there was usually very little general in­
toxication, the illness of the patient "being due in the 
main to the concomitant embarrassment of respiration*
The patient was usually given an adequate dose of 
diphtheria antitoxin soon after he came under treatment; 
later the symptoms of intoxication disappeared and the 
extension of the pseudo-membrane ceased with the develop­
ment of immunity to the toxin of the disease. In the 
series of cases dealt with here, the average quantity of 
serum given was as shown in the following table:
TABLE II.
Classification of Cases of Diph­
theria according to the Severity 
of the Acute Stage.
Amount of Diphtheria 















In the majority of cases, a single dose of antitoxin 
was sufficient to produce a satisfactory change in the
patient’s condition; in the remainder, subsequent doses 
of antitoxin were necessary before the desired effect 
was attained. The method of intramuscular injection was 
invariably used for the administration of antitoxin to 
cases belonging to Groups I, II and III. In Group IV 
cases, an attempt was made to give at least half the 
initial dose of antitoxin by intravenous injection and 
the remainder by intramuscular injection; if subsequent 
injections of antitoxin were necessary the intramuscular 
route was chosen.
The results of treatment in the present investigation 
were assessed by placing the cases in the following eight 
categories, according to increasing gravity of the ulti­
mate issue:
(1) Satisfactory recovery. •
(2) Delayed recovery.
(3) Complicated recovery.
(4) Death after treatment for more than f&urteen days
(5) Death after treatment from the Eighth to the four
teenthday, inclusive.
(6) Death after treatment from the fifth to the
seventh days, inclusive.
(7) Death after treatment from the second to the
. fourth days, inclusive.
(8) Death after less than twenty-four hours’
treatment.
Cases of SATISFACTORY RECOVERY included all cases 
in which the patient recovered, did not develop paralysis
and was fit to "be dismissed from hospital before the 
fiftieth day of treatment, or would have been so but 
for the occurrence of intercurrent illness, such as 
chichenpox and acute appendicitis, or for the persistence 
of corynebaeterium diphtheriae on the faucial or nasal 
mucous membrane or in pathological discharges.
Cases of DELAYED RECOVERY included all cases in 
which the patient recovered and did not develop paralysis 
but was not, in the physician’s opinion, sufficiently 
recovered to be dismissed until the fiftieth day of treat­
ment or later, always excepting a reason such as the 
occurrence of intercurrent illness or the persistent pre­
sence of C.diphtheriae in cultures. The causes of the 
delay were usually of an indefinite nature and included 
such symptoms as slight apathy, anorexia, slight tachy­
cardia or slight bradycardia, the presence of occasional 
extra-systoles when the pulse rate was slightly increased 
(thus excepting sinus arrhythmia in children) and album­
inuria after the acute stage.
Cases of COMPLICATED RECOVERY included all cases in 
which the patient recovered and was dismissed after pass­
ing through a stage in which cardiac paralysis, muscular 
paralysis or both occurred.
The cases in the category of COMPLICATED RECOVERY 
included cases of recovery with mild paralysis and cases 
of recovery with severe paralysis. Cases were placed 
in the former subdivision if either mild cardiac paralysis 
or mild muscular paralysis or both were present and there 
was no form of severe paralysis; mild cardiac paralysis 
was taken to be present if after the middle of the second 
week of treatment there were definite irregularity of the 
heart beat, poor quality of heart sounds, and either tachy 
cardia or bradycardia; mild muscular paralysis was pre­
sent if there were symptoms of palatal paralysis or of 
paralysis of the extrinsic or intrinsic muscles of the 
eye, or if the gait of the patient when permitted to walk 
was sudh as to suggest that there was abnormal weakness 
of the muscles of the lower limbs consistent with a recent 
paralysis of these muscles. Cases were regarded as be­
ing cases of severe paralysis if either severe cardiac 
paralysis or severe muscular paralysis or both were pre­
sent whether there was also mild paralysis or not; severe 
cardiac paralysis was taken to mean that paralysis, such 
as has been described above as mild cardiae paralysis, 
was accompanied by signs of cardiac failure such as 
oedema of the back or extremities, precordial pain, bron­
chitis or albuminuria; severe muscular paralysis in­
cluded paralysis of the muscles of the pharynx and of 
the diaphragm; actually, no cases of diaphragmatic para­
lysis occurred in this investigation.
The division of the fatal cases according to the 
time of death was made arbitrarily with the exception 
that the inclusion of the end of the first day as a de­
fining date was made because it was thought that any 
method of treatment that was employed would have very 
little chance to exert its influence in cases which ended 
fatally before that date.
A diphtheria patient who makes a satisfactory re­
covery is kept lying flat in bed for the first three 
weeks of treatment. During the fourth week he is per­
mitted to sit up in bed and, during the fifth and sixth 
weeks, to walk about. He is dismissed from hospital at 
the end of the sixth week or during the seventh week if 
he is no longer found to be infectious.
If recovery is interrupted by the development of 
cardiac or muscular paralyses, the patient must he kept 
lying flat in bed until all paralysis has disappeared.
It is customary to give such a patient by mouth a mixture 
containing a small quantity -ef strychnine (e.g. the equi­
valent of one-twentieth grain of strychnine hydrochloride 
thrice daily) and, sometimes, containing also a small 
quantity of adrenalin (e.g. fitfe to ten minims of liquor 
adrenalini hydro chloric us thrice daily); if paralysis 
of severe type is present, hypodermic injections thrice 
daily cf a hundred-and-twentieth grain to a sixtieth grain 
of strychnine, according to the age of the patient, are 
given. Strong coffee is frequently given at a late 
stage when recovery is retarded by the persistence of 
slight cardiac irregularity or tachycardia.
Very severe cases may die in an early stage as a 
result of the direct action of toxins on the cells of 
important organs, or at a later stage from eardiac para­
lysis or from paralysis of the diaphragm or pharyngeal 
muscles with resulting respiratory embarrassment. Very 
severe cases which recover usually do so only after a 
protracted illness often characterized by paralysis of 
severe type.
On the following pages, the subject matter is 
arranged in four sections. In the first section a des­
cription of suprarenal cortex deficiency is given as it 
has been observed by various workers in animal experi­
ments and in diseases of the human subject. It is shown
in the second section, that there are several points 
of semblance, including certain clinical, biochemical 
and pathological changes, between cases of diphtheria 
and cases in which there is evidence of suprarenal cortex 
deficiency. Jshridence is given in the third section that 
the intensive administration of sodium chloride, which is 
of definite value in conditions characterized by supra­
renal cortex deficiency, is also an important method of 
treatment in diphtheria. The results of the investiga­
tion are summarised in the fourth section and certain 
conclusions are reached.
Photographs, a diagram, graphs of blood sugar curves 
and various tables are interspersed at appropriate places 
in the text. A bibliography is given at the end of the 
subject proper. The biochemical methods used are des­
cribed in the Appendix which also contains tables of the 





In this section a description is given of recent 
work on Suprarenal Cortex Deficiency as observed "both 
in animal experiments and in conditions of disease in 
the human subject.
A. Experimental Suprarenal Cortex 
Deficiency in Animals.________
In the past five years much experimental work has
been performed and many observations made, notably by
American investigators, on animals which have had both
suprarenal glands removed at operation. This research
has been greatly advanced by the use of potent extracts
of suprarenal gland freed from the secretion of the medul
lary portion of the gland by special treatment. Such
(3)
extracts have been prepared by Rogoff and Stewart and by
(4)
Swingle and Pfiffner, among others, and, under certain 
oircumstances, they can make good deficiency of secretion 
from the suprarenal cortex.
(5)
Many years ago, Drown-Seguard observed that, if both 
suprarenal glands were completely destroyed, death fol­
lowed after eight hours in mice, nine hours in rabbits, 
thirteen hours in guineapigs and fourteen hours in eats
and dogs; if one suprarenal gland only was extirpated 
the period of survival was not usually less than twenty- 
five hours#
(6)
Hartman, Brownell and Lockwood found that when 
both suprarenal glands were removed in an animal a char­
acteristic train of symptoms occurred. The animal at 
first tired easily and had no inclination for exercise; 
later there was loss of appetite with vomiting and, 
perhaps, haemorrhages; next there was a stage of inertia 
verging on coma or else the animal was irrational and 
easily irritated; coma followed and, finally,there was 
sudden collapse and death supervened. The important 
discovery was also made that the administration of cor­
tical extract at any point, before the final stage was 
reached, caused the symptoms to disappear; they passed 
off in the reverse order of their appearance. Such an 
animal could be maintained in normal health by being 
given a daily ration of cortical extract.
Further they found that an animal, which was kept in 
a state of partial cortical deficiency by bilateral supra- 
renalectomy followed by daily administration of cortical 
extract in an insufficient quantity to maintain health, 
presented the following features:
(i) there was extreme muscular weakness;
(ii) there were usually loss of appetite, vo® -
iting and diarrhoea;
(iii) there was a lowering of general bodily
activity, shown by a fall in temperature, 
lowering of the blood-pressure and dimin­
ution of the basal metabolism;
(iv) there were increased excretion of urea and 
chloride in the urine and decreased excre­
tion of water; (there was also decreased
intake of water);
(v) there was increased concentration of the 
blood with increased blood cell volume, 
increased erythrocyte count and decreased 
leucocyte count;
(vi) distinctive changes occurred in the chemical 
constitution of the blood, viz,
diminution of the plasma total base, 
diminution of the plasma sodium, 
diminution of the plasma chlorine, 
diminution of the plasma bicarbonate, 
increase of the plasma potassium,
increase of the plasma magnesium,
increase of the plasma inorganic sulphate,
increase of the plasma inorganic phosphate,
decrease of the blood sugar, and 
increase of the blood non-protein nitrogen.
(Ho change occurred in the plasma calcium)
(7)
From similar observations, Britton and Silvette 
argued that as regards such animals, two facts stood out 
clearly:
(a) that the suprarenalectomized animal with symptoms 
of deficiency showed an almost complete and thus 
very critical depletion of its circulating and re­
serve carbohydrate materials;
(b) that under the same circumstances there was no 
lack of water in the animalTs body; there was a 
loss of fluid from the blood stream which was 
balanced by an increase of water in the hepatic 
and in the muscular tissues.
18.
(8)
Harrop, Widenhom and Weinstein concluded that the 
suprarenal cortex had a direct hormonal influence on the 
function of the kidneys particularly as regards excre­
tion of water and of nitrogen.
(9)
Harrop, Weinstein, Soffer and Trescher found that 
suprarenalectomized dogs which received injections of 
sodium chloride solutions survived longer than similar 
animals which were not treated in this manner. They noticed 
also that suprarenalectomized animals, with well-healed 
wounds and maintained in good condition by injections 
of cortical extract, when thrown into a state of 
deficiency by the withdrawal of these injections showed 
a typical course characterized by gradual haemo- 
concentration, increase of the blood non-protein nitro­
gen and increase of the blood proteins; later, there 
were fall of blood-pressure, diminution of basal oxygen 
consumption, diminished blood-flow, lowered bodily 
temperature and circulatory collapse. These authors 
regarded haemoconeentration as estimated from increased 
blood-oxygen capacity, increased erythrocyte count and 
increased volume of packed red- cells,as the primary 
event in the sequence of symptoms; accompanying it there 
were falls in the total plasma base, plasma sodium and 
plasma chlorine and marked increases in the urinary out—
put of sodium and chlorine, the volume of urine ex- 
wreted being maintained at a normal figure until within 
a few hours of death. Their conclusions were that the 
suprarenal cortex exercised a regulatory influence over 
the excretion of water, sodium and chlorine and that, 
when this was removed, the kidneys wasted those compo­
nents not alone from the blood plasma but also in even 
greater amounts from the extravascular tissue fluids; 
the resulting dehydration was responsible for the symp­
toms and fatal ending of suprarenal cortex deficiency 
following the withdrawal of cortical extract.
Arguing further, Harr op, Weinstein, Soffer and 
Trescher considered that, if the regulatory influence 
over the excretion of sodium and chlorine was lost after 
injections of cortical extract were stopped, it was pro­
bable that the animal would go into a state of cortical 
deficiency much more readily on a salt-poor diet than 
when the salt-intake was normal. Conversely, an animal 
on a high salt-intake should require less cortical ex­
tract for maintenance of perfect health than an animal 
on a normal salt-intake. Those conclusions were proved 
experimentally to be correct.
Again, they found that suprarenalectomized animals 
on a bare maintenance dosage of cortical extract, i.e.
on the verge of suprarenal cortex deficiency, showed 
the characteristic clinical, physiological and biochem­
ical signs of deficiency if they were placed on a salt- 
free diet and, if they were not allowed to sink too 
deeply, they recovered after the administration of sodium 
chloride alone.
Examination of this literature therefore appears 
to show, in the first place, that the main effects of 
Suprarenal Cortex Deficiency in animals are,
(1) increase of the water content of the liver 
and of skeletal muscle, decrease of water 
in the circulating blood and diminution in 
the excretion of water in the urine;
(£) decrease of sodium and chlorine in the cir­
culating blood and increase in the excre­
tion of sodium and chlorine in the urine;
(3) decrease of carbohydrate in the circulating 
blood and of the carbohydrate reserve in 
the tissues.
In the second place, this condition of Suprarenal 
Cortex Deficiency is best treated by injections of cor­
tical extract, the most useful adjunct to this treatment 
being the administration of sodium chloride.
B. Suprarenal Cortex Deficiency 
in Man#_____________________
The effects of deficiency of the secretion of the 
suprarenal cortex have been studied extensively in the 
condition which is now generally known as Addison’s Dis­
ease.
In a paper entitled rf0n the Constitutional and
local Effects of Disease of the Suprarenal Capsules”
(10)
and read in London in 1855, Addison prefaced his remarks 
with the following sentence -
nThe leading and characteristic features 
of the morbid state to which I would direct 
attention are anaemia, a general languor 
and debility, a remarkable feebleness of the 
heart’s action, irritability of the stomach 
and a peculiar change of colour of the skin, 
occurring in connection with a diseased con­
dition of the suprarenal capsules.”
This description has become classical and remains 
an accurate summary of the symptomatology of Addison’s 
Disease.
(11)
According to Rowntree, the lesion found in 80-90^ 
of eases is tuberculosis of the suprarenal gland and 
in the remaining 10-20^ of cases is atrophy of unexplain­
ed origin. He states that the immediate cause of the 
clinical manifestations is deficiency of the cortical
hormone; these appear when approximately four-fifths 
of the gland-substance has been destroyed by pathological 
processes.
The disease is rare - it occurred in 16 out of
100,000 successive admissions at the Mayo Clinic. It is
seen twice as often in males as in females and is most
frequent between the ages of thirty and fifty years.
(11)
(Rowntree).
In a series of 13 eases treated by Harr op, Wein-
(12)
stein, Soffer and Trescher, the main symptoms noticed 
were
(1) pigmentation of the skin and mucous membranes;
(2) low blood pressure;
(3) symptoms of associated tuberculosis.
In addition, all presented the following characteristics:
(4) excessive weakness and liability of muscle 
to fatigue;
(5) low basal metabolic rate reflecting the 
general inanition;
(6) numbness and tingling in the extremities 
with pain in the back and thighs;
(7) loses of appetite;
(8) periods of nausea;
(9) loss of weight.
They also found that their- patients sometimes had acute 
relapses or, as they are often called, Addisonian crises. 
These were precipitated by undue exertion, by intercur­
rent infection, or by the administration of drugs which 
increased the basal metabolic rate: for example, thyroid
extract.
The description now given is summarised from an
(11)
•article by Rowntree.
The disease usually presents three stages 
occurring in succession as follows:
(1) A stage of inexplicable weakness and ex­
haustion often following upon some infection of 
the upper respiratory tract.
(2) A stage characterized by the typical 
clinical syndrome with disinclination to any 
kind of activity.
(3) A stage of collapse (Addisonian crisis) 
characterized by prostration or coma and by 
nausea and vomiting with signs of dehydration.
The onset is insidious.
The most prominent symptoms and signs in the 
usual order of their appearance are,
1. asthenia and fatigue;
2. pigmentation of the skin and mucous membranes;
3# anorexia, nausea and vomiting;
4. loss of weight.
5. arterial hypotension;
6. dizziness and syncopal attacks;
7. signs of dehydration and circulatory failure.
Although asthenia,--debility and languor are 
usually the earliest symptoms, occasionally pig­
mentation may precede them* Pigmentation of the 
skin and mucous membranes is the most striking 
visible manifestation of Addison1s Disease* The 
cause of the pigmentation is not understood but 
the pigment is known to be melanin.
Asthenia is invariably present; it is both 
subjective and objective and mental as well as 
physical in character; when it is pronounced the 
patient is bedridden.
The "remarkable feebleness of the heart Ts 
action" is shown by the presence of hypotension, 
circulatory failure, coolness of the body surface, 
fainting spells and dyspnoea. Mild hypotension 
is usually present throughout; the systolic 
blood pressure varies from 90 to 100 mm. of mercury 
and the diastolic blood pressure from 60 to 70 mm. 
of mercury. In the terminal phases and crises 
the systolic blood pressure is often decreased to 
60 mm. of mercury.
Symptoms referable to the gastro-intestinal tract 
are common and usually pronounced; they include 
nausea, vomiting, gaseous distension and occasional 
intense diarrhoea. ITausea is most common in the 
mornings but it may be continuous. As the disease 
progresses, vomiting occurs and ultimately very 
little food may be retained. A striking loss of 
weight, often of 40 to 50 lbs., results and emac­
iation becomes obvious.
Pain in the loins is often present. As a rule, 
it is dull and paroxysmal in character but occasion­
ally it is intense and accompanied by rigidity of 
the abdominal muscles.
Sex changes are sometimes noted, but are not im­
portant
Addison*s Disease pursues a gradually downward 
course broken by periods of remission and by exacer­
bations which may attain the severity of crises.
Acute crises or even sudden death may follow 
stress or strain, over-exertion, exposure, acute 
infections, surgical operations or the taking of 
purgatives or of drugs which increase the basal 
metabolic rate. Death may be preceded by excru­
ciating abdominal pain, noisy delusions and dys­
pnoea. An acute crisis is often ushered by 
nausea and vomiting with pain in the back, legs 
or abdomen; later there follow insomnia, mental 
depression, poor judgment and failure of memory; 
next comes a stage of coma and ultimately death 
intervenes•
Indications of early dissolution in a case of 
Addison’s Disease are extreme asthenia, lowered 
bodily and surface temperature, collapse, pro- 
racted vomiting, systolic blood pressure of less 
than 70 mm. of mercury, blood urea of more than 
60 mgm. per 100 cubic centimetres, a short rapid 
course without much pigmentation, poor response 
to treatment and the presence of active tubercu­
losis.
The clinical picture of suprarenal cortex deficiency
as seen in Addison’s Disease is accompanied by definite
(13)
biochemical changes. Thus Loeb, who made a complete 
analysis of the inorganic bases of the blood serum in 
patients suffering from Addison’s Disease, found that 
the blood serum sodium in three patients had fallen 
from the normal figure of 138 millimolecules per litre 
to 131, 109 and 108 millimolecules respectively; in two 
of these cases the blood serum potassium had risen from 
the normal figure of 4*8 millimolecules per litre to 
8.7 and 7.1 millimolecules per litre and the blood serum
chlorine had fallen from the normal figure of 105 milli­
molecules per litre to 70 and 73 millimolecules per litre 
respectively.
(12) (14,15)
Various observers, notably Harr op and loeb and
their co-workers, have shown that the asthenic symptoms 
in Addison’s Disease can be dispelled, in the reverse 
order to which they have occurred, by the administration 
of large doses of suprarenal cortical extract. Moreover, 
the symptoms, if mild, can be alleviated by the adminis­
tration of sodium chloride intravenously or orally; if 
the symptoms are severe, the administration of sodium 
chloride as an adjuvant to suprarenal cortical extract 
enables a return to normal to be made with the use of 
smaller doses of the latter substance. Again, a patient 
with Addison’s Disease, whether receiving a maintenance 
ration of suprarenal cortical extract or not, goes into 
a condition of crisis less readily on a salt-rich diet 
or if an extra daily quantity of sodium chloride is given 
than on an ordinary diet.
In a perusal of the scanty literature bearing on
disease of the suprarenal glands one cannot but be im-
(16)
pressed with the findings of lucke, Wight and Kime as 
detailed in a study of a hundred and twenty-six cases of
fatal influenza in the United-States during the pandemic 
of 1918. In their account of the pathological state of 
the suprarenal glands these authors noted that in three 
instances there were macroscopic haemorrhages in the 
suprarenal substance, the organ being twice its natural 
size. They found that in twenty cases there were no 
gross changes. In the other hundred and three cases there 
was slight increase of size and definite congestion of the 
suprarenal glands; the outside colour of the organs was 
pinkish brown and the cut surface decidedly haemorrhagic; 
the outer zone of the cortex was generally narrow and 
pale greyish-yellow, rarely presenting the deep orange- 
yellow tint so frequently seen in the suprarenal cortex; 
the intermediate zone was deep reddish-brown and exuded 
blood; the medulla varied from reddish-grey to deep red. 
Microscopically, in these last cases, extreme congestion 
and numerous small haemorrhages were found usually in­
volving the medulla and intermediate zone; the cells of 
the cortex appeared to be swollen and usually to be de­
void of lipoid granules while other cells appeared to 
be in a state of cloudy swelling with indefinite cell- 
outlines and poorly-staining nuclei; the lipoid exhaus­
tion was observed almost constantly. The interstitial
substance was usually arranged loosely and was defin­
itely oedematous. Focal necrosis with small round cell 
infiltration was occasionally observed. In a number of 
the gland cells, especially of the cortex, numerous deep- 
blue-staining coarse granules were encountered; these 
seemed to be identical in appearance with similar gran­
ules which were found in the liver and which were regard­
ed by the authors as being of the same nature as granules
(IV)
which had been described by Adami as being the final 
stages of bacterial destruction. Very occasionally, 
diffuse infiltration with polymorphonuclear cells, sugges 
tive of acute inflammatory suprarenalitis, was seen.
The cases described by Lucke, Wight and Kime formed 
a representative group of fatal cases in the 1918 pan­
demic of influenza. When it is remembered that the 
principal manifestations of this disease included marked 
asthenia and prostration, the belief is justified that 
there may have been a definite relationship bet ween the
changes in the suprarenal glands and the symptomatology.
(18) --------------------
Rubingtejn recorded eight illustrative cases of
typhoid fever in which, he stated, suprarenal involve­
ment occurred; this was manifested by the typhoid state, 
prostration, low blood pressure and the occurrence of
such symptoms as hypothermia, and pseudo-perforation.
 (1 9 ) ---------------------
Pearl and Brunn collected twenty eases of bilateral
suprarenal haemorrhage in adults in an exhaustive search 
of the literature from 1906 to 1928 and added one case 
of their own. The causes included thrombosis, capil­
lary embolism, congestive diseases, infections and toxins, 
diseases of the solar plexus, surface burns and the hae- 
morrhagic diathesis. The most common and the most 
characteristic of the symptoms in all the cases was as­
thenia. local symptoms varied in degree from vague 
tenderness in the lumbar regions or epigastrium to severe 
abdominal pain with distension.
These authors pointed out that the presence of 
severe abdominal symptoms with few or no physical signs 
in a patient who presented definite nervous manifesta­
tions, profound asthenia and gradual decline of blood 
pressure was suggestive of acute suprarenal disease. They 
stated that the prognosis was hopeless in marked bi­
lateral cases but that small haemorrhages might be ab­
sorbed without the occurrence of fatal results. Treatment 
was unsuccessful in severe cases but the best results 
were obtained with injections of solutions of sodium 
chloride and extracts of suprarenal cortex.
The literature contains a number of reports of 
cases of suprarenal haemorrhage in children. An article 
by Rabinowitz is perhaps the most informative.
The two cases reported by Rabinowitz were in a 
state of marked drowsiness and collapse and had a general­
ized purpuric eruption; post mortem, the only signifi­
cant findings were in the one case, diffuse infiltration 
of both suprarenal bodies with bright red blood clot and, 
in the other, a haemorrhagic sac in the left suprarenal 
and an intensely haemorrhagic infiltration of the right 
suprarenal.
Rabinowitz believes that toxin action upon the 
capillary walls of the skin and suprarenals is responsible 
for the diapedesis of blood into the tissues in such cases .
It may be concluded that lesions of the suprarenal 
glands occur more often in human disease than has for­
merly been realised. The effects of these lesions are 
profound general disturbances; they are seen in a chronic 
phase when the morbid process in the suprarenal is slowly 
progressive as, for example, in the ordinary clinical 
state in Addison’s Disease, and in an acute phase when 
the lesion is of sudden onset, as in suprarenal haemoza?- 
hage, or when chronically diseased suprarenal tissue has
sudden excessive demands mad# of it, as in the crisis 
stage of Addison’s Disease* In both phases the best 
measures, whether prophylactic or therapeutic, consist 
of (1) the administration of suprarenal cortical extract 
and (2) the exhibition of sodium chloride to the patient.
Section II#
THE SUPRARENAL GLAHDS Iff DIPHTHERIA.
In this section it is shown that in diphtheria a 
state suggestive of suprarenal cortex deficiency occurs 
and is an important feature of the disease# Certain 
points in the symptomatology are dealt with first; next, 
an account is given of the morbid anatomy of the supra­
renal glands in diphtheria, illustrative cases being re­
ported in detail; thirdly, original experiments on the 
excretion of water by the kidneys in diphtheria are des­
cribed; fourthly, the results of studies in carbohydrate 
metabolism in diphtheria are mentioned and, finally, ori­
ginal work on the sodium, potassium, and chlorine con­
tents of the blood serum in cases of diphtheria is des­
cribed#
A* Symptoms of Suprarenal Cortex Deficiency 
in Diphtheria.__________________________ .
There are some features of the clinical state in 
diphtheria which are reminiscent of suprarenal cortex 
deficiency, particularly of the acute form as seen in 
that stage of Addison’s Disease to which the name Addison­
ian Crisis has breen given.
Pyrexia is present in the acute stage of diphtheria
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“but is seldom high. Ker may_b© quoted as saying: flIn 
a pure diphtheria, if it has any relation to the local 
condition of the throat at all, •... the worse the lesion 
the lower the temperature. In septic cases it is more 
apt to remain moderately elevated for some days, hut even 
here it would seem that the depressing effect of the diph­
theria toxins does much to counteract the tendency of the 
septic infection to cause high temperature.” One’s own 
experience is that pyrexia is usually lower in the acute 
stage of diphtheria than in other acute infedtions with 
local lesions comparable to those of diphtheria. In the 
Addisonian Crisis the temperature of the patient is sub­
normal .
(22)
Many observers, including Kolleston have shown that 
the blood pressure tends to be subnormal in diphtheria, 
the extent and duration of the depression bearing, as a 
rule, a direct relation to the severity of the local lesion. 
Rolleston states that the lowest readings are found in the 
second week of the disease and that normal tension is not 
recovered till the seventh week. lowering of the blood 
pressure is one of the main features of conditions of 
suprarenal cortex deficiency, particularly in the Addison­
ian crisis.
A state of asthenia is present in diphtheria as in 
conditions in which suprarenal cortex deficiency occurs.
Feelings of dizziness and syncopal attacks are met 
with in diphtheria and in conditions of suprarenal cortex 
deficiency.
Uausea and vomiting are found in the early stages of 
diphtheria; for example, in carrying out an investigation 
on sugar tolerance in diphtheria, one found it necessary 
to reduce the quantity of sugar that was given by mouth 
from 40 grammes to 20 grammes because the administration 
of the former dose frequently led to a feeling of nausea 
and vomiting. Those symptoms occur regularly in Addisonfe 
Disease, particularly in the stage of crisis.
Pains of varying severity in the lumbar region and 
abdomen may be complained of by patients suffering from 
diphtheria in whom death is imminent; these pains are 
quite different from the precordial pain which is often 
present also at that stage; the attention of the atten­
dant may first be drawn to their presence by the patient’s 
relatives sitting at the bedside, to whom the patient’s 
complaint is often made, or the attendant may only elicit 
in conversation with relatives after the patient’s death 
that such pains were present. Such a complaint was made
by the patient whose case is described as Case VI on 
page 47, Vague pains in the small of the back and 
abdomen occur in the Addisonian Crisis.
Pigmentation, the true significance of which is not 
known, is a feature of the clinical picture in Addison’s 
Disease}, it is probably, however, to be regarded as an 
index of chronieity. As it did not occur in the re­
ported cases of acute suprarenal haemorrhage, one would 
not expect to find it in a disease of such short duration 
as Diphtheria.
It appears therefore that there is a distinct simi­
larity between the symptoms of the acute stage of Diph­
theria and the symptoms of such a condition as Addison’s 
Disease and especially of the crisis stage of that disease
(B) The Pathological Changes in the Suprarenal 
Glands in Diphtheria._____________________
In the investigation of a diphther&id organism, the 
examination cannot be regarded as complete if the viru­
lence of the organism has not been tested; a diphtheroid 
organism which is proved to be virulent is accepted as 
Corynebacterium diphtheriae. Virulence at the present 
time is usually decided by means of an intradernal test 
in a guineapig of the toxic filtrate from a culture of
the organism to "be tested, the guineapig being an animal 
which is susceptible to the toxins of C .diphtheriae. For­
merly, the method was to inject, subcutaneously, a culture 
of the organism and its virulence was considered to be 
established by the f inding of haemorrhages in the supra­
renal glands of the guineapig; this result was regarded
as pathognomonic of a virulent culture of 0. diphtheriae. 
(23)
Thaddea has shown that injection of diphtheria toxin into 
animals causes changes both in the morphology and in the 
chemical constitution of the suprarenal cortex; haemorr­
hages and necrosis are found and there is disappearance 
of cholesterol from the cortex in greater or less degree, 
according to the degree of intoxication.
Post mortem examination of fatal cases of human diph­
theria often reveals, in addition to the recognized changes 
in the liver, heart muscle, nervous tissue and other struc­
tures, characteristic changes in the suprarenal glands.
(24)
Thus Muir noted that poisoning with diphtheria toxin is
associated with marked congestion and minute haemorrhages
(21)
of the suprarenal glands. Ker stated that the supra­
renal glands may show degeneration in diphtheria and that
haemorrhages are not infrequently observed in their sub-
(22)
stance. Rolleston on the ether hand, may be quoted
as follows:
r,In contrast with the well-marked haemorr­
hagic lesions of the suprarenals in the guinea- 
pig which has died of experimental .diphtheria, 
these organs in the human subject rarely show 
any gross naked-eye changes, and even micro­
scopical lesions such as cell degeneration and 
necrosis, small haemorrhages and necrosis, des­
cribed by some writers, are not constant.”
Before describing one’s own findings in the supra­
renal glands in fatal diphtheria, it is not out of place 
at this stage to give a short account of the normal state
of these organs. The following summary is made from a
(25)
description in Gray’s Anatomy.
The suprarenal glands are a pair of organs sit­
uated at the upper poles of and closely apposed to 
the kidneys. The right gland is often described as 
having the shape of a cocked hat; the left gland is 
semilunar and a little larger than the right gland.
The average weight of each is between 3 grammes and 
4 grammes.
Histologically, each gland is seen to consist 
of an outer cortex and an inner medulla enclosed in 
a fibrous capsule which sends prolongations into the 
interiorto form the interstitial tissue of the organ.
The capsule consists of connective tissue and 
some smooth muscle fibres.
The~eortex consists of a fine connective tissue 
network imbedding glandular epithelium which is made 
up of polyhedral cells with rounded nuclei and with 
protoplasm which may contain coarse granules and 
lipoid granules. According to differences in the 
arrangement of the glandular cells, three zones are 
described:
(i) the outer: zone, or zona glomerulosa, 
which is placed beneath the capsule and con­
sists of polyhedral cells, containing spher­
ical or oval nuclei; the cells are arranged
in rounded groups and show evidences of alveo­
lar structure;
(ii) the middle zone, or zona fasciculata, 
which is composed of radial columns of poly­
gonal cells having spherical nuclei and proto­
plasm which contains fine granules and often 
globules of lipoid material;
(iii) the inner zone, or zona reticularis, 
which is formed of irregularly arranged col­
umns of cells which are somewhat larger than 
those of the middle zone and the protoplasm 
of which often contains pigment-granules.
The medulla consists of a mass of large finely 
granular chromaffin cells permeated by venous sinusoids.
The suprarenal glands get their arterial blood-
supply from,
(i) the superior suprarenal arteries, branches 
of the inferior phrenic arteries which arise from 
the aorta,
(ii) the middle suprarenal arteries, branches 
of the aorta, and,
(ill) the inferior suprarenal arteries, 
branches of the renal arteries which arise 
from the aorta*
These arteries anastomose in the capsule and, in the 
cortical part of the gland, break up into arterioles and 
capillaries* The latter empty into the sinusoids of th# 
medulla and these in turn empty into the vein® mm  the 
centre of the medulla. Th® vein© In the medulla eontrl~ 
bute to the formation of a single suprarenal vein from 
each gland. The right suprarenal vein enters th© infer­
ior vena cava; the left suprarenal vein Join® the left 
renal vein which empties into th© inferior vena cava.
The lymphatics folio?/ th© course of the veins and 
end in the lumbar group of lymphatic glands*
The numerous non-medullated nerve fibres which reach 
the suprarenal glands are derived from the splanchnic 
nerves (through the coeliac and renal from the
phrenic nerves and from th® vagus nerves. They enter 
the lower and medial part of each capsule, traverse the 
cortex and end around the ©alls of the medulla, in which 
portion of the organ, numerous small ganglia develop upon 
the nerves •
The function of the secretion of the cortical portion
of the suprarenal gland has_been indicated on an earlier
<26)
page; according to Hale-White, the function of the se­
cretion of the medullary portion, which is commonly known 
as adrenalin, is to stimulate the myoneural Junctions of 
the nerves of the true sympathetic system.
In thirteen cases in which a fatal issue followed 
diphtheritic infection and in which permission for autopsy 
was obtained, a special study of the morbid anatomy of 
the suprarenal glands was made. In one of these cases, 
diphtheria was merely a contributory factor to the fatal 
issue as the patient had shown several manifestations of 
a late syphilitic state and had had a strongly positive
Wassermann reaction of the blood; most of the organs
\
showed degenerative lesions; the suprarenal cortices 
contained islets of parenchymatous tissue separated by 
thickened trabecular connective tissue and haemorrhages 
were not noticed. Two other cases were examples of death 
from severe membranous croup, the diphtheritic pseudo­
membrane in each case extending into the narrower parts 
of the bronchial tree; the suprarenal glands had sustained 
no visible damage (see Figures 2 and 3). In cases of 
membranous croup it is to be noted that diphtheritic in-
ffig, I.
Coloured photograph of mounted specimen 
of left kidney and suprarenal gland from a 
case of malignant diphtheria. (Natural size).
Note the marked enlargement of the suprat 
renal gland and the extensive haemorrhages on 
its surface.
Fig, 2.
Photomicrograph of suprarenal gland from 
a case of Laryngeal Diphtheria (low power mag­
nification). Compare with Fig.4.
Note the ease with which the three layers of 
the cortex can he distinguished, the prominence 
of the nuclei of the cortical cells and the 
absence of cloudy swelling and haemorrhagic 
infiltration in the cortex. The medulla is 
seen as a thin hand because the section has 
been made near the border of the gland.
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Fig. 3.
High power photomicrograph of part of 
the field shown in Fig.2. Compare with 
Fig.5.
The photomicrograph shows the capsule, 
zona glomerulosa, zona fasciculata and 
outer edge of zona reticularis. Note the 
absence of cloudy swelling and haemorrhagic 
infiltration of the cortex, and that the 
nuclei of the cortical cells are prominent 
and the cells easily differentiated from 
one another. There is no evidence of 
cloudy swelling in the capsule.
Fig. 4 .
photomicrograph of suprarenal gland from 
a case of Malignant Diphtheria (low power 
magnification). Compare with Fig.2, which 
is on the same scale.
Note that the cortical layers are distin­
guishable with difficulty. The zona reticu­
laris is seen at the foot; its cells are in 
a state of cloudy swelling and the cell- 
columns are separated by clumps of red cor­
puscles. The zona fasciculata is seen in the 
lower half above the zona reticularis; the 
columns to the left and to the right have 
suffered cloudy swelling: in the centre the
columns are isolated by radial haemorrhages.
The zona glomerulosa is less damaged but small 
haemorrhages and cloudy swelling are visible.
The sapsular tissue is also showing slight 
evidence of cloudy swelling but no haemorrhages. 
The medulla is not visible.
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High power photomicrograph of part of 
the field shown in Fig.4. Compare v/ith 
Fig,3 which is on the same scale.
The capsule, zona glomerulosa and the 
outer part of the zona fasciculata are 
visible. Note the cloudy swelling of the 
cortex but absence of haemorrhages. The 
zona glomerulosa shown cloudy swelling 
(note the difficulty in distinguishing cell- 
margins and the poorly staining nuclei).
The zona fasciculata shows cloudy swelling 
and radial haemorrhages between the columns.
 ;    --
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Fig. 6.
Photograph of mounted specimen of left 
kidney and suprarenal gland from a case of 
faucial diphtheria (natural size),.
Note the absence of haemorrhages in the 
suprarenal substance. The specimen has beoi 
partly dissected to show the glandular enlarge­
ments along the suprarenal vein which is seen 
issuing from the hilum of the gland.
toxication is at a minimum and that the element of asphyxia 
predominates.
The other ten cases had extensive faucial lesions 
with severe general symptoms; post mortem definite changes 
in the suprarenal glands were found in all. A short sum­
mary of the main features of those ten cases with the 
appearances of the suprarenal glands at autopsy follows:
Case I.
J.M., a boy, 9 years of age, was admitted on the 
fourth day of severe diphtheria, pseudo-membrane being 
present on the tonsils, fauces, soft palate, uvula, pos­
terior pharyngeal wall and in the nasal cavity; the glands 
of the neck were markedly enlarged, there was heavy foetor 
of the breath, the urine was loaded with albumen and con­
tained acetone, the heart sounds were poor and lassitude 
obvious. During the first three days in hospital, the 
patient received 45,000 units intravenously and 135,000 
units intramuscularly of diphtheria antitoxin; the general 
symptoms became less severe and the pseudo-membrane com­
menced to separate. On the morning of the fifth day of 
hospital treatment the patient suddenly complained of 
severe epigastric pain, collapsed and within five minutes 
was dead.
At autopsy, it was found that the left suprarenal 
gland was enlarged and that it had at its upper end an 
area of haemorrhage; microscopically the capsule did 
not appear to have suffered toxic change; the parenchy­
matous cells of the cortex were in a state of cloudy swell­
ing; the columns of epithelium in the inner zone and the 
inner part of the middle zone were separated by masses 
of red blood corpuscles and the outer part of the middle 
zone and the outer zone showed the same change in a lesser 
degree; some haemorrhage was present in the medulla but 
only at that part which bordered on the inner zone of the 
cortex, (see Figs. 4 and 5)*
The right suprarenal gland appeared to be somewhat 
congested. Microscopically, the cells of the cortex 
seemed to have suffered cloudy swelling of more intense 
nature than in the left suprarenal gland - thus the nuclei 
under a low magnification were hard to distinguish from 
the protoplasm and the cell outlines' were lost; the nuclei 
under a higher magnif ication were seen to be in a state 
of karyorrhexis. These changes were present in all the 
layers of the cortex but were particularly obvious in the 
inner and middle zones. The medulla showed no change 
except the presence of a small zone of haemorrhage at
its border.
Case II.
W.A., a toy, 2§ years of age, was admitted to hospital 
in a moribund condition on the third day of illness; he had 
extensive diphtheritic membrane on the mucous membrane of 
the throat and great enlargement of the upper cervical 
glands. He died seventy minutes later.
Macroscopieally the suprarenal glands at autopsy 
appeared normal. Histologically similar changes were 
found in both glands. There were haemorrhages between 
the fasciculi in the inner zones and the inner parts of the 
middle zones of the cortices and occasional haemorrhages in 
the outer parts of the middle zones and the outer zones of 
the cortices and in the extreme borders of the medullae.
The cells of the cortical parenchyma gave evidence of cloudy 
swelling; those of the outer zones possessed nuclei which 
were deficient in chromatin and those of the two inner and 
middle zones had nuclei which varied in staining reaction, 
some being dark-staining and others light-staining with 
basic stains and others again having only a nuclear membrane 
to show the site of the nucleus; the cell outlines in the 
outer zone could be distinguished but not those in the
middle or inner zone. The cells of the medulla were 
little damaged.
Case III.
J.C., a boy, 4 years of age, was admitted to hospital 
on the third day of illness; he had an extensive diphther­
itic condition of the throat and nasopharynx, haemorrhages 
from the throat and nose and a petechial rash; the glands 
of the neck were greatly enlarged and painful; there was 
heavy foetor of the breath; the heart sounds were poor and 
the pulse soft and rapid; prostration was extreme; the urine 
was scanty and contained albumen and acetone. The patient 
was given 72,000 units of diphtheria antitoxin intramuscularly; 
bleeding occurred at the site of injection later. The pat­
ient failed to respond and died twenty-seven hours after 
admission.
The left suprarenal gland was enlarged and found to be 
the seat of gross haemorrhages (see Fig.l).
The right suprarenal gland showed no macroscopic change; 
microscopically, however, changes similar to those described 
in the right suprarenal gland in Case I were discovered, i.e. 
there was cloudy swelling of the cortical parenchyma with 
haemorrhage particularly in the inner and middle zones; very
little change was detectecLin the medulla, haemorrhage 
being confined to the region in the vicinity of the cortex.
Case IV.
J. M TQ., a boy, 4 years of age, was admitted to hos­
pital on the fourth day of illness. He had extensive diph­
theritic patching of the throat, pseudo-membrane being 
present on the tonsils, fauces, palate, uvula and pharyn­
geal wall and a profuse sanious discharge issuing from the 
nostrils. General symptoms of profound intoxication were 
not present at first; the condition however, failed to 
respond to treatment, severe general symptoms developed and, 
on the fourth day in hospital, petechial haemorrhages were 
present in the skin of the legs and ecchymoses were noticed 
at the sites of needle-punctures. The patient collapsed 
and died on the seventh day in hospital; he had been given 
aggregate of 200,000 units of diphtheria antitoxin during 
his stay in hospital.
At autopsy, the left suprarenal gland was enlarged and 
showed gross haemorrhages; the microscopic findings were 
as in the left suprarenal gland in Case I* The right supra­
renal gland showed no macroscopic changes; histologically, 
cloudy swelling was noted in th^ cortex and haemorrhages
were present in the inner and middle zones of the cortex 
and to a lesser extent, in the outer zone of the cortex 
and in the outer region of the medulla.
Case V .
&.W., a boy, 5 years of age, was admitted to hospital 
on the third day of diphtheria and died eleven days later.
On admission, general symptoms of toxaemia were severe; 
pseudo-membrane covered the tonsils, pillars of the fauces, 
palate, uvula and pharyngeal wall; there was a slight 
nasal discharge; the breath was foetid; the glands of 
the neck were greatly enlarged; the urine contained albumen 
and acetone. The patient responded to intramuscular injec­
tions of diphtheria antitoxin (144,000 units) and on the 
seventh day in hospital no pseudo-membrane was visible. On 
the ninth day in hospital, however, the patient became 
drowsy: next day his pulse became soft and rapid and the 
heart sounds were poor in tone. Early on the morning of 
the eleventh day in hospital he complained of a severe ach­
ing pain in the right lumbar region posteriorly and, a few 
hours later, he collapsed and died.
At the post mortem examination, small haemorrhages 
were visible in the right suprarenal gland but not in the
left suprarenal gland, which seemed normal in appearance. 
Histological sections of the right suprarenal gland showed 
that the areas of haemorrhage were focal in site and were 
placed in the cortex the shape of each being triangular 
with the apex being placed in the inner zone and the base 
in the outer zone; the remainder of the cortex and the 
medulla appeared to be normal. Similar sections of the 
left suprarenal gland showed freedom from haemorrhage and 
a minimum of degenerative change in the cortical cells, the 
cell-outlines being well maintained.
Case V I ,
J.MTG., a boy, 8 years of age, was admitted to hospi­
tal on the fifth day of diphtheria. Two days previously 
an incision had been made through the left anterior pillar 
of the fauces because of a mistaken diagnosis of quinsy. On 
admission, general symptoms of diphtheria were severe and 
there was extensive pseudo-membrane on all the faucial struc­
tures and on the roof of the mouth as far forward as the 
posterior third of the hard palate; the incision in the 
fauces could not be detected; there was a profuse sanious 
nasal discharge, marked foetor of breath and great enlarge­
ment of the lymphatic glands of the neck. During the next
twelve hours the patient was given 100,000 units of diph­
theria antitoxin intravenously and 112,000 units intra­
muscularly; he failed to rally and died fifteen hours after 
admission.
At autopsy, no gross changes were seen in the supra­
renal glands. Microscopically small haemorrhages were 
present only in the zona reticularis of each gland and very 
little evidence of degenerative changes in the cortices was 
seen; the medullae seemed normal.
An interesting feature of this case, in view of the 
known close association between the suprarenal glands and 
the pituitary, was the finding of upward bulging of the roof 
of the sella turcica due to an excessive accumulation of 
colloid material in the pituitary gland; degenerative changes 
were not found in the gland and the significance of the find­
ing was not apparent.
Case VII.
F.McD., a girl, 7 years of age, was admitted to hospi­
tal on the sixth day of diphtheria and died thirteen hours 
after admission. Pseudo-membrane was present on the left 
tonsil, left pillars of the fauces, the uvula, the greater 
part of the soft palate and the left pharyngeal wall and
there was a purulent nasal 'discharge; the lymphatic glands 
on the left side of the neck were greatly enlarged and tender 
there was distinct foetor of the breath; general symptoms 
of diphtheria were marked. The patient was given 80,000 
units of diphtheria antitoxin intramuscularly.
At autopsy, the suprarenal glands appeared normal. On 
section, however, focal haemorrhages were visible in various 
parts of the cortices, all three layers being involved; the 
cortical tissue between those foci showed very little change 
except in one or two places where early degenerative lesions 
were found and, in these areas, small accumulations of blood 
clot were present in the zona reticularis; in neither gland 
was the medulla involved.
Case Till.
J.C., a boy, 7 years of age, and a brother of the 
patient whose case has been reported as Case III, was ad­
mitted to hospital on the fifth day of diphtheria. On 
admission, general symptoms were only of moderate severity; 
pseudo-membrane was present on both tonsils and on the 
contiguous surfaces of the pillars of the fauces; there 
was a profuse nasal discharge and the lymphatic glands of 
the neck were moderately enlarged and tender. 32,000 units
of diphtheria antitoxin were given by the intramuscular 
method on admission and repeated twelve hours later. The 
boy*s general condition improved and the pseudo-membrane 
separated gradually till none was visible on the seventh 
day of treatment. After that day, however, the patient 
failed to improve and signs of cardiac failure were evident. 
On the ninth day in hospital petechiae were found on the 
skin of the arms and the patient became very drowsy; he 
died later that day.
Post mortem examination revealed no definite change 
in the right suprarenal gland and a haemorrhagie condition 
in the left suprarenal gland on macroscopic examination. 
Under the microscope, the cortices of both glands showed 
signs of cloudy swelling; haemorrhage was present between 
the columns of the inner zone of the cortex in the right 
suprarenal gland and between the columns of all three zones 
of the cortex in the left suprarenal gland, being most 
severe in the inner zone and least extensive in the outer 
zone; the medulla in both glands was damaged only at its 
boundary with the zona reticularis of the medulla and in 
this region haemorrhages were present.
Case IX.
T.S., a boy, 7 years of age, was admitted to hospital 
with diphtheria on the sixth day of illness, pseudo-membrane 
being present on the tonsils, palate, uvula, pillars of the 
fauces and pharyngeal wall; the lymphatic glands of the 
neck were greatly enlarged and tender, there was a sanious 
discharge from the nose, the breath was foetid and general 
symptoms of diphtheria were severe. The patient was given
60.000 units of diphtheria antitoxin intravenously and
64.000 units intramuscularly. His condition improved 
until the seventh day in hospital when palatal paralysis 
was found to be present and signs of cardiac failure com­
menced. On the following day he collapsed and died.
Post mortem, the most significant findings were enlarge­
ments of lymphatic glands including the lymphatic nodes 
related to the suprarenal glands (see Fig.6). Neither 
suprarenal gland revealed gross damage; the only microscopic 
changes in the right suprarenal gland were small haemorr­
hages in the zona reticularis; the left suprarenal gland 
was not examined microscopically, being retained for mount­
ing as a specimen.
Ca&e X .
I.M., a girl, 7 years of age, was admitted to hospital 
on the second day of diphtheria. Pseudo-membrane was pres­
ent on the tonsils, pillars of the fauces, palate and 
pharynx; the glands of the neck were enlarged and tender 
and general symptoms were profound. The patient received 
in all 148,000 units of diphtheria antitoxin and on the 
eighth day in hospital all pseudo-membrane had disappeared. 
Two days later the patient became very drowsy and signs of 
cardiac failure appeared. On the eleventh day in hospital, 
there was heavy albuminuria and acetonuria; later that day 
the patient became comatose, her temperature rose to 105°F 
and she died.
The suprarenal glands showed no gross changes. The 
zonae reticulares contained small haemorrhages. Haemorrhage 
in the brain was sought but not found.
Correlation of the clinical state and the appearances 
of the suprarenal glands at autopsy in each of the above 
cases leads to the following conclusions:
It appears that the suprarenal glands, like other organs 
of the body, suffer from the presence in the body of diph­
theria toxin. In cases in which intoxication is at a
minimum, e.g. cases of membranous croup, there is either 
no visible change or alteration is represented at most 
by a small amount of haemorrhage between the fasciculi of 
the zona reticularis of the cortex. In more severe cases, 
the suprarenal ; lymphatic glands along the suprarenal vein 
are inflamed, haemorrhages are found in all three layers 
of the cortex and in that region of the medulla which is 
in proximity to the cortex, and cloudy swelling of varying 
degree affects the parenchymatous tissue of the cortex; 
the haemorrhages and the cloudy swelling are most intense 
in the zona reticularis and the inner part of the zona 
fasciculata. In the most severe cases, haemorrhage in 
one or other suprarenal gland is of such a degree as to 
be apparent on the surface of the organ.
In one case, the patient b ef ore death complained of 
pain in one side and later, the suprarenal gland on this 
side was found to be the seat of macroscopic haemorrhages 
(Case V). In other cases, it is not improbable that 
diffuse haemorrhagic infiltration of the suprarenal cortex 
occurred as the patient’s general condition deteriorated 
and that actual rupture of the haemorrhage externally co­
incided with the final collapse, of the patient (Cases I,
Ill, IV, VIII).
The nervous supply of the suprarenal glands is de­
rived from the splanchnic nerves from the sympathetic, the 
phrenic nerves and the vagus nerves (particularly the right 
vagus) through the suprarenal plexus and that of the heart
from the vagus nerves and the sympathetic through the car-
(25)
diac plexus («rayTs Anatomy). It is thus evident that 
the nervous connections of the suprarenal glands and of the 
heart are closely related and it seems possible that, through 
those connections, a sudden change such as a haemorrhage, 
in a suprarenal gland may cause the patient to manifest 
signs of acute cardiac failure ending in death.
(C) Water Excretion in Diphtheria.
A special study of the excretion of water in the urine
in cases of diphtheria was made. The method employed was
(41)
the simple Water Test introduced by Volhard and Koranyi 
for the estimation of renal efficiency.
Briefly, the test is carried out as follows:
On the previous day, intake of fluid is re­
stricted and after 9 pm. is stopped. At 9 pm. 
the bladder is emptied and the urine discarded.
From 9 pm. till 9 am. on the day of the test, 
all urine passed is kept,^the final quantity be-
ing added at 9 am.; the volume and specific 
gravity of this, the night urine, are measured.
At 9 am. the patient drinks thirty ounces 
of water. Urine is passed at 10 am., 11 am.,
12 am., 1 pm., 2 pm. and 3 pm. The volume 
and specific gravity of each specimen are mea­
sured.
Normally, under the conditions of the test, the night 
urine does not exceed 20 oz. and its minimum specific grav­
ity is 1025, the average figures being 15 oz. and 1032 re­
spectively. During the day, the entire thirty ounces of 
water, drunk at 9 am. are exereted in five hours and the 
maximum specific gravity is 1003; fifteen ounces are 
usually excreted within the first two hours.
Poor concentration of the night urine, which is shown 
by excretion of more than 20 oz. of urine of which the 
specific gravity is less than 1025, is regarded as an early 
sign of renal disease.
Renal impairment is shown by failure to excrete the 
test dose of water in five hours, by a persistent specific 
gravity of 1010 or more in successive hourly specimens and 
by equality in the quantity of the hourly specimens; the 
extent of renal impairment is proportional to the deficiency 
of output.
In thirty-two patients whcrwere under my care in the
Diphtheria wards, the Water Test was carried out as des­
cribed above at weekly intervals during the illness until 
the test gave a normal result. The specimens of urine 
were obtained naturally, catheterization not being employed.
The deficiency in excretion at two hours after the 
ingestion of the test dose of water was calculated as a 
percentage of 15 oz., and the deficiency in excretion at 
five hours after the ingestion of the test dose of water 
was calculated as a percentage of 30 oz. The lesser of 
these two percentages was taken as a measure of the defic­
iency in water excretion because that figure was less likely 
to be affected by mechanical difficulties in the expulsion 
of urine such as incomplete emptying of the bladder by an 
ill patient.
The detailed results are presented in the Appendix 
under the headings Cases XI to XIII. It was found that 
three cases failed to reveal any deficiency of water excre­
tion and one of these, being merely a diphtheria carrier, 
was apparently in good health; in a fourth ease, as also 
in the carrier case, the initial test was void because of 
the presence of menstruation. In the remaining twenty- 
eight eases, deficiency of water excretion was present in 
all in the acute stage of the illness.
It may be argued that this_deficiency of water excre­
tion is due to damage to the kidney tissue, such as might 
be presumed to follow the presence of diphtheria toxin in 
the circulating blood. It is noteworthy, however , that if 
the two eases (Cases XX and XXIV) in which menstruation 
occurred are excluded, in only two of the remaining cases 
(CasesXXXI and XXXVII) was there albuminuria and in both 
of these the albuminuria was transient. Again, in three 
cases only (Cases XII, XXIII and XXV) did the night urine 
exceed 20 oz.; in one of these (Case XV), there was no 
deficiency in water excretion during the daytime and there­
fore, presumably, no kidney damage; in the other two (Cases 
XII and XXIII) the specific gravity of the night urine in 
each case was less than 1025. Thus in the whole series, 
the number of cases in which a presumption of the existence 
of kidney damage might be made is four (Cases XII, XXIII, 
XXXI and XXXVII).
Discounting these cases in which some kidney damage 
might exist and the cases in which menstruation interfered 
with the results, it is found that there are twenty-six 
cases in which the presence of kidney damage was not proved; 
of these, only two eases did not show deficiency of water 
in the acute stage (Cases XXV and XXVI).
The conclusion is reached, -that in this series of mild, 
and. moderately severe cases of diphtheria, there was a group 
of twenty-six cases in which kidney damage was not demon­
strated and, of this group, twenty-four cases, or 92^, showed 
diminution of water excretion during the acute stage of the 
illness.
(D) The Blood Sugar in Diphtheria.
The normal blood sugar in the fasting state, as found
in blood taken from the finger-tip after needle-puncture,
is about 90 milligrammes per 100 cubic centimetres of blood
if the method described in the Appendix is used.
After ingestion of glucose, the usual test dose of
which is 40 grammes, the blood sugar varies in a definite
(27)
manner which is explained by Peters and Van Slyke, . among 
others, as follows:
(i) there is an immediate rise of blood sugar 
due to absorption of glucose from the alimentary 
system to the blood}
(ii) about fifteen minutes later, the tissues, 
particularly the liver and the skeletal muscles, 
begin to convert glucose received from the blood, 
into glycogen which is stored; this process tends 
to reduce the amount of glucose in the circulat­
ing blood and is attributed to the action of the 
internal secretion of the pancreas;
(iii) the second process goes on at a more 
rapid rate than the first with the result that
about forty minutes after 4;he ingestion of 
glucose, the blood, sugar begins to fall; in 
the normal person the blood, sugar is back to 
the fasting level about sixty minutes after 
the ingestion of the glucose; not infrequently 
for the next few hours, the blood, sugar is be­
low the fasting level.
Sugar in appreciable quantity is excreted, in the urine 
only when the blood, sugar reaches or exceeds a value which, 
in the majority of cases, is about 180 milligrammes per 100 
cubic centimetres.
The ingestion of galactose or laevulose is followed by 
a similar succession of events, with the exception that con­
version of the sugar into glycogen and consequent storage 
as glycogen takes place so rapidly that, normally, no rise 
of blood sugar occurs.
In cases in which hepatic inefficiency is present, it
(28)
is stated by Monro that the blood sugar curve following
laevulose ingestion may approximate in shape to the blood
sugar curve following glucose ingestion. Again, when the
(29)
laevulose test is employed, Hurst regards a rise of blood
sugar of more than 20 milligrammes per 100 cubifi centimetres
(30
of blood m  one hour as being significant of hepatitis. Dodds 
considers that the galactose tolerance test is superior to 
the laevulose tolerance test in the same connection; his 
conclusions are similar to those of Hurst.
It is now well recognized that disturbances affecting
the blood sugar are present in Diphtheria. Schwentksr and
(31)
Noel found that in the early part of the acute stage of 
Diphtheria hypoglycaemia and reduction of glycogen in the 
liver and muscles occurred as a result of increased break- 
down of stored glycogen and increased utilization of circu­
lating carbohydrate; at a later period in the acute stage, 
they found that increasing difficulty in the assimilation
of glucose from the blood stream occurred with resulting
(32, 33, 34)
hyperglycaemia. Various French observers found that
hypoglycaemia, increased blood urea, initial decrease and
later increase of blood cholesterol, and diminution of blood
(35)
chloride occurred in Diphtheria. Benn, Hughes and Alstead
observed that in the acute stage of Diphtheria the blood-
sugar curve after intravenous injection of glucose approxi-
(36)
mated to that seen in cases of diabetes. Brems noted
that the blood sugar curve f ollowing ingestion of glucose was
of the diabetic type in the acute stage of diphtheria and
for a period of two to three weeks afterwards. The most
recent important communication on the subject is made bv
(37) *
Begg; he notes afresh the abnormalities in the glucose
tolerance curves and quotes experimental evidence which
suggests a close relationship between the type of blood
sugar curve and the degree of cardiovascular failure in
the early stages of diphtheria.-
Three groups of diphtheria cases were chosen and
blood sugar estimations were made after the ingestion of
glucose, laevulose and galactose, respectively. The test
was carried out in each case on the day after admission
and, again, on the day before the patient was allowed to
leave bed. The quantity of sugar given was restricted to
20 grammes, as it was found that the usual 40 grammes dose
almost invariably caused nausea and often vomiting in the
acute stage of the disease. The estimations were carried
(38)
out on blood from the pricked finger by Herbert and Bourne’s 
modification of the Folin-Wu method of blood sugar estima­
tion (see page 102).
The detailed results are presented in the Appendix 
under the headings Cases XLIII to IXXIV• It will be found 
that in thirty-one cases (excluding Case LVII which was 
that of a healthy carrier), the average fasting blood sugar 
on admission was 80.4 milligrammes per 100 cubic centimetres 
of blood and at the time that the patient was allowed to 
leave bid (!### about four weeks later), was 84.1 milli- 
grafflati 100 cubic centimetres blood.
In gixtiin cases, the test sugar was glucose. In one 
Of th©§§ 0&§®i (Case 1VII) the patient was a healthy carrier 
and bh§ rang# of his blood sugar oh"admission was within
normal limits. In the remainder, the fasting blood sugar 
on admission was generally at a hypoglyeaemie level and 
the subsequent curve took the form that has frequently been 
called nthe la$ curve"; several weeks later the fasting 
blood sugar was higher and the blood sugar curve was approach­
ing the recognized normal form.
In the other sixteen cases, the test sugar was either 
galactose or laevulose. Of the five cases in which galac­
tose was employed, there was an initial hypoglycaemia in 
four cases; in two cases, the blood sugar curve on admis­
sion fell within normal limits, in one case it resembled 
in shape a normal blood sugar curve after the ingestion of 
glucose and in two cawes it resembled a lag curve such as 
was found in the glucose tolerance test above. Of the 
eleven eases in which laevulose was used, there was a fast­
ing hypoglycaemia in eight eases, a normal fasting blood 
sugar in one case, and a fasting blood sugar which wai at 
the higher limit of normal in two cases at the time of admis­
sion; the blood sugar curves were normal in five eases, 
resembled a normal glucose tolerance curve in one case, and 
resembled a lag curve in five cases. With the exception 
of two laevulose tolerance curves which were still tending 
to be at a high level after four weeks1 treatment, repetition 
of the galactose and laevulose tolerance curves revealed
normal results at the time when the patients were allowed 
out of bed.
From consideration of these findings, it appears that, 
in eases of Diphtheria which come under treatment early 
there is a state of hypoglycaemia during the fasting stage; 
where the patient does not receive treatment until later 
the fasting blood sugar tends to rise to normal again and 
it is possible that, as Schwentker and Noel have stated, 
there are cases in which hypoglycaemia is present in the 
fasting stage; the fasting blood sugar in any case becomes 
normal as convalescence advances.
(35) (36) (37)
Again, as Benn, Hughes and Alstead, Brems and Begg
have previously shown, glucose tolerance curves in the acute 
stage in all the eases of Diphtheria investigated tended to 
approximate to the "lag1 form which suggested that there was 
little or no loss of the power of absorption of glucose into 
the blood but that there was a diminution of the power of 
assimilation of glucose by the tissues from the blood.
Galactose and laevulose tolerance curves were abnormal 
in the acute stage in eight out of sixteen cases in which 
these curves were plotted, i.e. in 50f* of eases. This 
suggests that the power of assimilation of sugar by the 
liver is at fault only in half the eases.
Finally, consideration of these two last conclusions
leads to the belief that the rise-of blood sugar in a 
glucose tolerance test in the acute stage of Diphtheria is 
mainly due to diminished assimilation of glucose by the 
peripheral tissues and not by the liver.
(E) The Serum-Sodium, Serum-Potassium and 
Serum-Chlorine in Diphtheria.________
The b asic elements which are present in normal blood 
serum are sodium, potassium, calcium and magnesium. They
are balanced by the acid radicles, which are chlorine bi­
carbonate, phosphate, protein, sulphate and organic acid.
(27)
Peters and Van Slyke give the relative quantities of each 
of these in the following formula:
la K Ca Mg s Cl HCO3 PO4 protein (SO4 & organic
acid)
142 5 5 3 s 103 28 2 16 6





HGOg a the bicarbonate radicle ,
PO4 » the phosphate radicle ,
SO4 - the sulphate radicle,
and the figures given below each chemical symbol represent 
the quantity of the chemical substance represented by the 
symbol present as mi Hi-equivalents of that chemical sub­
stance in a litre of normal blood serum. It is to be noted
that one milli-equivalent is equal to a thousandth part
of a gramme-equivalent.
It has been found that in conditions in which supra­
renal cortical deficiency occurs there are deviations of 
these values from the normal and that the changes occur 
particularly in the serum sodium and serum chlorine, both
of which are decreased, and in the serum potassium which 
(12, 13). 
is increased.
A number of cases of Diphtheria were investigated 
with regard to the sodium, chlorine and potassium contents 
of their blood serum during the period from March 1934 till 
April, 1935. In general, the cases were chosen according 
to the ease with which it was thought specimens of blood 
could be obtained for examination; it was not expedient 
to include any patients under the age of seven years and 
many patients under the age of ten years.
Specimens of blood were taken from the median basilic 
vein in sufficient quantities to yield at least three cubic 
centimetres of serum on four occasions during the hospital 
treatment of the patient, viz. on admission, one week after 
admission, two weeks after admission and on the day before 
dismissal.
The methods used for the estimation of serum sodium, 
serum chlorine and serum potassium are those described by
(39)
Peters and Van Slyke and are described in the Appendix.
The results are given in Tables 3 to 7 and are grouped 
according to the severity of the cases and according to 
whether the cases were receiving the ordinary treatment 
of diphtheria patients or were also receiving an extra 
quantity of sodium chloride in the manner which is described 
in Section III.
It was found tha.t 84 cases of Diphtheria, which recovered, 
were examined for the sodium, chlorine and potassium con­
tents of their blood serum; 55 of these received extra 
sodium chloride and 29 did not receive extra sodium chloride.
The average serum sodium on admission was 120.82 milli- 
equivalents per litre or 17.18 milli-equivalents per litre 
below the normal level taken by loeb. The average serum 
chlorine was 101.83 milli-equivalents per litre or 3.17 
milli-equivalents per litre below the normal level. The 
average serum potassium was 6.83 milli-equivalents per litre 
or 1.83 milli-equivalents above the normal level.
The respective average values on dismissal were 130.75, 
104.43 and 5.85 milli-equivalents per litre, i.e. the serum 
sodium was 7.25 milli-equivalents per litre below normal, 
the serum chlorine was 0.57 milli-equivalent per litre 
below normal and the serum potasnium was 0.85 milli-equiva-
lent per litre above normal. — The three values had ap­
proached to normal by 9.93, 2.60 and 0.98 milli-equivalents 
per litre respectively* during the period of residence.
There is, therefore, in Diphtheria, a condition of 
the blood serum resembling that which is found in cases of 
suprarenal cortical deficiency such as occurs in the acute 
phase of Addison1s Disease. The change appears to affect 
particularly the sodium content the fall in which, however, 
is also accompanied by a fall in the chlorine content and 
by a rise in the potassium content; these latter changes 
are not of sufficient magnitude to balance the fall in 
s odium c ont ent•
The administration of extra sodium chloride does not 
appear greatly to influence the course of the return of the 
serum constituents to normal.
The severity of the acute stage is not particularly 
associated with the degree of abnormality of the serum const 
tuents although it can be stated that, roughly, the more 
severe the acute stage the more removed from normal are 
the values of the serum sodium, serum chlorine and serum 
potassium. There is, however, a very definite fall in serum 
sodium and serum chlorine in eases which will shortly prove 
fatal (see Table 7).
It may, therefore, he concluded that there are, in 
Diphtheria, certain pieces of evidence which suggest that 
dysfunction of the cortical part of the suprarenals is 
present. The clinical appearances in Diphtheria, parti­
cularly those that depend on prostration and asthenia, 
are common in diseased conditions of the suprarenal glands 
Definite lesions in the suprarenal glands are proved to 
he present in Diphtheria and these lesions are found most 
characteristically in the cortical tissue* There are 
deficiency in water-excretion, upsets of carbohydrate 
metaholism and changes in the hases of the blood-serum 
such as have heen proved to he cardinal features of con­
ditions of suprarenal cortical deficiency, and these ahnor 
malities tend to approach normality as convalescence pro­
ceeds. Finally, it is shown in the next section that a 
method of treatment intended to benefit the element of 
suprarenal cortical deficiency is a potent means of pro­
ducing improved results in a series of cases of Diphtheria
69.
Section III.
SODIUM CHLORIDE Iff THE TREATMENT OF PIEB53QRIA.
As the experimental work described on the previous 
pages developed and the form that the conclusions would take 
"became apparent, it was decided to apply the knowledge ob­
tained in the treatment of cases of Diphtheria. It was 
thought that, if deficiency of the secretion of the supra­
renal cortex occurred in Diphtheria, measures which had 
been found to have a beneficial effect on other clinical 
states characterized by such deficiency would also improve 
the condition of patients suffering from Diphtheria. fwo 
such methods of treatment were considered, viz.,
(i) the administration of suprarenal cor­
tical extract, and
(ii) the administration of sodium chloride.
In view of the prohibitive cost of suprarenal cortical 
extract, it was impossible to contemplate an experiment on 
a large number of patients with quantities of extract suf­
ficiently adequate to be of therapeutic value. It is inter-
(32)
esting,however, to know that Donato has noted that the 
administration of total suprarenal extract has a favourable 
effect on the course of DipMheria and on the disordered
carbohydrate and cholesterol metabolism which occurs in
(23)
the disease* More recently, too, Thaddea has observed 
that the changes produced in guineapigs during experimental 
intoxication with diphtheria toxin can be mitigated by 
treatment with suprarenal cortical extract if combined with 
large doses of ascorbic acid (vitamin C).
In the last few years clinicians hate regarded the 
abnormal carbohydrate metabolism, which occurs in Diphtheria, 
as a cardinal feature of the disease and have attempted to 
improve the treatment by methods which aim at the rectifi­
cation of this state. Thus, for example, Schwentte and 
(31)
Hoel gave intravenous infections of 20 grammes of glucose 
in a 50f solution in saline at intervals of twelve to twenty- 
four hours in the early part of the acute stage and as a 
10^ solution later in the acute stage; at the same time, 
hypodermic infections of small doses of insulin were given 
on the theory that the patient’s tissues in Diphtheria cannot 
assimilate glucose properly. Later Schwentker and Hoel’s 
work was repeated by Benn, Hughes and Alstead,and Begg pro­
duced results which suggest that insulin is of little value 
while glucose is of undoubted benefit in treatment. The 
latter observers, also, gave the therapeutic doses of glu­
cose in 50 cubic centimetres of normal saline. It is note-
worthy that those workers who have produced good results 
by the intensive administration of glucose to their patients 
have been giving not only glucose but also sodium chloride. 
Further, it is conceivable that the excellence of their re- 
sultsh has been due in part, if not wholly, to the sodium 
chloride which the patients have been given.
During the period from 1st May 1934 till 30th April 
1935, two series of cases in the Diphtheria wards of Ruehill 
Hospital were taken; one was given an extra quantity of 
sodium chloride while the other did not receive this. The 
cases which composed these two series were not selected in 
any way apart from the necessity for filling a vacancy in 
a ward by the admission of a fresh case but, as a consequence 
of natural reluctance to use an untried method of treatment, 
only one quarter of the available accommodation was reserved 
for the cases which received additional sodium chloride; it 
may be said, therefore, that the cases were chosen at random.
In the first series each case, which was permitted to 
take nourishment by mouth, was given a quantity of sodium 
chloride in addition to that present in the ordinary diet; 
the amount of sodium chloride administered varied according 
to the age of the patient from one heaped teaapoonful to three 
hepped teaspoonfuls per diem and the treatment was employed
for the period of three weeks- succeeding the patient’s 
admission.
In certain more severe cases in which it was possible 
to use intravenous infection, sodium chloride was given daily 
for fifteen days in the form of 20 to 30 cubic centimetres 
of 5f<> or i0§& hypertonic solution, the infected saline sol­
ution being at body temperature and the infection being made 
through a hypodermic needle from a 30 cc. Record syringe. 
Hypertonic saline was used in preference to isotonic saline 
because the tests for the excretion of the water (see Sec­
tion II) gave results from which it appeared that there is 
in the acute stage of Diphtheria a diminution in the volume 
of water excreted by the kidney and because the use of 
hypertonic saline meant that a larger quantity of sodium 
chloride could be given in a given volume than by the use 
of isotonic saline.
In critical eases, the method employed, but used in 
eonfunction with intravenous hypertonic saline infection 
where that was possible, was that of continuous rectal 
glucose saline irrigation which will now be described.
Continuous Rectal glucose Saline Irrigation.
This mode of treatment was introduced originally by 
(40)
John B. Murphy, the noted American surgeon in 1882 and has
been used mainly for the treatment of shock* In this 
method a saline solution is introduced into the lower colon 
drop by drop at intervals of about five seconds. The 
mucous membrane is able to assimilate each drop as it 
reaches the colon and thus to absorb in a few hours several 
pints of fluid, whereas if the same volume of fluid had 
been delivered in larger quantities, bowel movement would 
almost certainly occur and the saline solution be evacuated* 
There are several advantages to be gained by using 
continuous rectal irrigation in Diphtheria. Firstly it 
is important that a large quantity of fluid is not allowed 
to lie within the intestine and retard the action of the 
heart, an organ which is severely taxed as it is. Secondly, 
it is superior to four-hourly rectal feeding because, once 
the method has been established, there is no necessity for 
rousing the patient at intervals and, more important still, 
it is less likely to cause spontaneous evacuation of the 
intestinal contents, an event which is especially liable 
to occur in cases of severe Diphtheria. Thirdly, it can 
be used at all ages, unlike methods of treatment involving 
intravenous infections which can rarely be employed on repeat­
ed occasions in children under seven years of age.
The apparatus used in the treatment of the cases in
Diagram of Apparatus used in Continuous 
Examination of Glue o s e - Saline per rectum.
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Diagram of Apparatus used in Continuous 
Administration of Glucose Saline per rectum.
this series is depicted diagrammatically in Fig,7. The 
main part of this apparatus consists of a "Thermos1 flask, 
of one-pint capacity, with the cork replaced by a rubber 
stopper through which three holes have been bored, A glass 
tube passes through one hole and reaches almost to the 
bottom of the flask inside while it ends freely outside, 
one inch of its length being visible; the purposes of this 
tube are to adt as an overflow if the flask is overfilled 
and to allow air to enter while the flask is in use. Through 
a second hole passes another glass tube which reaches for 
about half-an-inch inside the flask and which curves on it­
self outside to run close to the outside cover of the flask, 
the free outside end being joined to a small glass funnel 
by means of a soft rubber connection; the purposes of this 
tube and its funnel are to act as a channel for refilling 
the flask and, during use, by means of the level of fluid 
in it, to be an index of the quantity of fluid in the flask. 
Through the third hole passes a short glass tube which ex­
tends for about half-an-inch inside the flask and for about 
two inches outside the flask; this tube is continuous with 
a length of rubber tubing, three to four feet long, which is 
connected by a short piece of glass tubing to a no,l soft 
rubber catheter. The wbakelit.s -or metal cap of the "Thermos"
flask is screwed on after its central portion has been cut 
out and it serves to hold the rubber stopper in position.
In use the flask is placed in an inverted position 
about two to three feet above the level of the bed. The soft 
rubber catheter is lubricated with soft paraffin and is 
inserted through the anal orifice as far as possible, the 
object being to leave the nozzle in the lower end of the 
colon. The rubber tubing is provided with an adjustable 
clip which regulates the rate of flow through the tubing; 
a degree of compression of the clip which allows one drop 
of saline to pass through in five seconds usually gives 
the best results at the commencement; later a flow of one 
drop in four seconds or even of one drop in three seconds 
may be tolerated quite well.
The flask is filled with normal saline containing not 
more than lOfc of glucose; a greater doncentration of glucose 
tends to irritate the intestinal mucous membrane with - re­
sults fatal to the procedure. The primary object of the 
glucose is that it should act as a source of food for the 
patient; secondarily, it is intended to counteract the 
hypoglycaemia of the early stages of the disease.
The temperature of the saline in the flask should be 
higher than the body temperature—of the patieht but it should
not exceed 110°F. Fluid placed in the flask at such a 
temperature usually cools in passing through the rubber 
tubing and enters the patient1 s body at a temperature below 
normal body temperature; this, however, is preferable to 
the risk of a dangerous injury to the rectal mucous membrane 
if saline, at a higher temperature than 110°F, is allowed 
to enter the rectum as a result of a breakdown in the regu­
lation of the flow; besides, it is found in practice that 
the patient tolerates the saline quite well at a subnormal 
temperature. The size of the flask is such that its con­
tents must be replenished at frequent intervals by the nurse 
in attendance, thus ensuring that the temperature of the 
fluid is kept as high as possible within the limits defined. 
Certain precautions must be taken before the institution 
of continuous rectal irrigation. Thus, it is very impor­
tant that the patient should be given a large enema before 
the commencement of the treatment. Again, the patient 
should receive nothing by mouth from the moment it is de­
cided to treat him in this way although, if the patient 
becomes clamorous, he may be allowed to suck small pieces 
of ice or be given orange-juice in teaspoonful doses. Fur­
ther, the foot of the bed should be raised because the 
position thus attained does not encourage a spontaneous
evacuation of the bowel contents. Finally, the adminis­
tration of sedatives is important and in the present series 
of eases the drug that was most often used was Syrup of 
Chloral; the patient was usually given half-a-drachm by 
mouth at the institution of treatment and two to four drachms 
were added to the first pint of saline given rectally and a 
smaller dose, according to the degree of restlessness, was 
added to each later pint of saline.
In the first twenty-four hours of treatment, there may 
be difficulty in making the patient understand that he must 
not evacuate the bowels. If several bov/el-movements should 
occur it is wise to give a second enema after which there 
is seldom any further trouble. When the treatment is 
thoroughly instituted it has been found possible to maintain 
the patient on it for more than two weeks and it has proved 
adequate for the patient’s immediate food requirements for 
that time.
When the patient has passed the critical acute stage 
of his illness and the time comes to stop continuous rectal 
irrigation, he is given gradually increasing quantities of 
arrowroot by mouth for several days. The saline is finally 
stopped when natural bowel movements recommence.
By the use of this method, a varying quantity of 
fluid can be introduced in different persons. A minimum 
quantity of five to six pints in the twenty-four hours
should he aimed at, which is equivalent to a consumption 
of about 300 grammes of glucose and 27 grammes of sodium 
chloride in the time mentioned.
Patients subjected to this treatment not infrequently 
develop subcutaneous oedema, usually over the back and 
s&eral region; several patients have developed general 
anasarca and in one there was ascites of such amouht that 
embarrassment was caused to the patient, to relieve which 
fluid required to be withdrawn from the peritoneal cavity.
It is a noteworthy clinical observation, hov/ever, that the 
occurrence of oedema seemed to coincide with amelioration 
of the general symptoms of diphtheria intoxication. It is 
a matter for conjecture whether, if hypertonic saline had 
been used for the irrigation, this oedema could be avoided 
but one’s training supports the belief that the intestinal 
mucous membrane would be intolerant of such a solution.
The results of treatment have been analysed statis­
tically, the method used postulating that the difference 
between the percentage values of a given characteristic in 
two parallel series must be at least twice the standard error 
of that difference before it can be asserted that the dif­
ference is significant. The standard error of the differ­
ence between the percentages in^ach series was calculated
from the quantity —
\ /  JL  ^Q*
V  .V,
where p( and P^ are the percentages in the two series of 
$ given characteristic; Q^and are the differences be­
tween 100 and P, , and 100 and PA , respectively, and JS/ and 
are the numbers of observations in the two series.
The conclusions will now be given in detail, reference 
being made at various points to the appropriate tables of 
results which are to be found in the Appendix,
During the period from 1st May 1934 to 30th April 1935 
775 cases were admitted to Ruchill Hospital dnd came under 
the purview of the present investigation. Of these, 575, 
or 74.19^, were treated in the usual manner and were not 
given sodium chloride beyond what their food contained; the 
remaining 200, or 25.81f<>, were treated in the usual manner 
and were also given an extra quantity of sodium chloride 
by one of the methods already described. Again, 740 eases, 
or 95.48?&, recovered and were dismissed well; 35 cases, or 
4.52f*>, died.
Of the 740 recovered cases 555 or 75^ > did not receive 
extra sodium chloride and 185, or 25$, received extra sodium 
chloride. Of the 35 fatal cases-, 20, or 57.14fo, did not
receive extra sodium chloride and 15, or 42,86^, received
extra sodtaa chloride#
It is noteworthy also that the fatal results all took 
place in Group IV, the group containing cases which had a 
very severe acute stage (see Table I in the Introduction).
RECOVERED CASES.
(a) SATISFACTORY RECOVERY (see Table 8)
If cases of SATISFACTORY RECOVERY (as defined in the 
Introduction) are compared in the series of patients who 
received extra sodium chloride and in the series of patients 
who did not receive extra sodium chloride, it is found that 
if all recovered cases are considered the percentage of 
satisfactory recovery was higher in the former series but 
the difference in the percentages is not significant. The 
percentage of recovered patients in Group I who made a 
satisfactory recovery was higher in the series of cases 
which did not receive extra sodium chloride but the differ­
ence between the percentages was not significant. The 
percentage of recovered patients in Group II who made a 
satisfactory recovery was higher in the series of cases 
which received extra sodium chloride but the difference 
between the percentages was nq£ significant# In Group III
the percentage of recovered patients who made a satisfactory 
recovery was higher in the series of cases which received 
extra sodium chloride and the difference bet?reen the percen­
tages was definitely significant. In Group IV the percen­
tage of recovered patients who made a satisfactory recovery 
was higher in the series of cases which did not receive extra 
sodium chloride hut the difference between the percentages 
was not significant.
Therefore, it may be concluded that so far as making a 
satisfactory recovery was concerned, mild cases did not bene­
fit, moderate cases benefitted In a small degree and severe 
cases in a marked degree from inclusion in a series of cases 
which received extra sodium chloride; very severe cases did 
not benefit from such inclusion but the reason for this re­
sult becomes apparent when later results are analysed.
(b) UNCOMPLICATED RECOVERY (see Table 9)
If cases of UNCOMPLICATED RECOVERY (see Introduction) 
are next taken, it is found that when all recovered cases 
are considered the percentage of uncomplicated recovery was 
very slightly higher in the series of patients who did not 
receive extra sodium chloride than in the series of patients 
who received extra sodium, chloride ; the difference between
the percentages was not significant. The percentage of 
recovered patients in Group I, whose recovery was uncompli­
cated, was higher in the series which did not receive extra 
sodium chloride but the difference between the percentages 
was not significant. The percentage of recovered patients 
in Group II whose recovery was uncomplicated was higher in 
the series which received extra sodium chloride but the dif­
ference between the percentages was not significant. In 
Group III, the percentage of recovered patients who made an 
uncomplicated/ recovery was higher in the s eries which re­
ceived extra sodium chloride and the difference between the 
percentages was significant. In Group IV, the percentage 
of recovered patients who made an uncomplicated recovery 
was higher in the series which did not receive extra sodium 
chloride but the difference between the percentages was not 
significant.
The conclusion here is that in making an uncomplicated 
recovery mild eases did not benefit, moderate cases bene- 
fitted to a small extent and severe cases to a great extent 
from inclusion in a series of cases which received extra 
sodium chloride. Again, very severe cases did not appear 
to benefit for a reason which will be apparent later.
(c) DELAYED RECOVERY (see Table 10).
It is obvious from the definitions of terms given in 
the Introduction that cases which come under the heading of 
DELAYED RECOVERY represent the difference of cases which 
come under the headings of SATISFACTORY RECOVERY and UNCOM­
PLICATED RECOVERY. Hence, it follows that an increase in 
the number of such cases in either series may result from 
diminution of the number of cases which make a satisfactory 
recovery or from diminution of the humber of cases which 
recover after developing complications; similarly, a de­
crease in the number would accompany increase in the latter 
two categories. Again, if an influence is at work in a 
given series of cases which tends to improve equally the 
condition of the series as a whole, it follows that a de­
crease in the number of cases which make a complicated re­
covery means an addition to the number of cases which make 
a delayed recovery and a decrease in the number of cases 
which make a delayed recovery means an addition to the 
number of cases which make a satisfactory recovery; the net 
result is that no alteration will occur in the number of 
cases making a delayed recovery. Further, if the hypo­
thetical beneficial influence exerts itself particularly 
on the cases which make a complicated recovery, the result is
that a greater number of cases-are transferred from the 
cases which make a complicated recovery to the cases which 
make a delayed recovery than are transferred from the cases 
which make a delayed recovery to the cases which make a 
satisfactory recovery; the net result is an increase in 
the number of cases which make a delayed recovery. On the 
other hand, if the beneficial influence exerts itself par­
ticularly on the cases which make a satisfactory recovery, 
the tendency will be for a smaller number of cases to be 
transferred from the cases which make a complicated recovery 
to the cases which make a delayed recovery than will be 
transferred from the cases which make a delayed recovery 
to the cases which make a satisfactory recovery and the 
net result will be a decrease in the number of cases which 
make a delayed recovery.
When all recovered cases which make a delayed recovery 
are considered it is found that a lesser percentage of such 
cases occurred in the series which received extra sodium 
chloride; this suggests that more cases were removed from 
the cases of delayed recovery to the cases of satisfactory 
recovery than were received from the eases of complicated 
recovery to the cases of delayed recovery. The same con­
clusion is reached in the groups of moderate, severe and
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very severe oases but is not made in the group of mild 
cases. On no occasion, is the conclusion of statistical
significance.
It may be said however, that the benefit produced 
in a series of cases by giving them extra sodium chloride 
is more in those cases which would not naturally make a 
complicated recovery and most in those cases the recovery 
of which would not naturally be delayed.
(d^ COMPLICATED RECOVERY - TYPE OF PARALYSIS (See Table 11)
If cases of complicated recovery are divided into 
cases of recovery with mild paralysis and cases of recov­
ery with severe paralysis (as defined in the Introduction) 
it is found that the percentage of cases with mild para­
lysis was higher in the series of cases which did not 
receive extra sodium chloride but the difference between 
the percentages in the two series was not significant. In 
Group I, the results in the two series were identical; in 
Group II, there was a greater percentage of recovery with 
* mild paralysis in the cases which did not receive extra 
sodium chloride, but the difference between the percen­
tages in the two series was not significant; in Group III 
there was a greater percentage of recoveries with mild 
paralysis in the cases which received extra sodium chloride 
and the observed difference between the percentages in
the two series is statistically significant; and in 
Group IV there was a greater percentage of recoveries 
with mild paralysis in cases which did not receive sodium 
chloride hut the difference between the percentages in 
the two series is not significant*
Thus the type of paralysis in mild and moderate 
cases did not tend to mildness, whereas in severe cases 
it definitely did, in the series which received extra 
sodium chloride* In very severe cases the paralysis 
showed a tendency to be of the severe type but in this 
group again the reason for this result will become obvious 
when later results are analysed.
FATAL CASES.
For purposes of analysis the fatal cases in Group IV 
in which group all the deaths occurred, are divided into 
each of the original sub-groups from which Group IV was 
formed (see the Introduction), It is now seen that no 
deaths occurred in sub-group 06 among the cases which re­
ceived extra sodium chloride; hence sub-group G6 and 
sub-group 07 are combined for analysis of the fatal cases.
(a) DEATH WITHIN 24 HOURS OF ADMISSION (see Table 12)
It is unlikely that cases-which die after a period
of less than twenty-four hours in hospital will have been 
long enough under treatment to have shown any beneficial 
effect which may have been present. It is not surprising 
therefore that the results given in Table 12 are contra­
dictory to the general findings. Here the result in the 
less severe sub-groups (06 &C7).appears to be favourable to 
the eases which received extra sodium chloride and in the 
more severe sub-group (C8) to the cases which did not 
receive extra sodium chloride while, in Group IV as a 
whole, the balance of favour is towards the cases which 
did not receive sodium chloride. There is no statistical 
significance in the results obtained.
(b) DEATHS WITHIN FOUR DAYS OF ADMISSION (see Tables 13 & 14) 
Here it is evident that a smaller percentage of deaths 
occurred within four days of admission in cases which re­
ceived extra sodium chloride but the result was not sig­
nificant. In the less severe sub-groups (C6 and C7)a smal­
ler percentage of deaths within four days of admission 
occurred in the eases which received extra sodium chloride 
and the result was significant; in the more severe sub­
group (G8) a smaller percentage of deaths within four days 
of admission occurred in the cases which did not receive 
extra sodium chloride but the result was not significant.
If eases which ended fatally within twenty-four 
hours of admission are discounted on the ground that they 
cannot have been influenced by treatment, the results are 
the same with the exception that in the more severe sub­
group (C8) the percentage of deaths within four days of 
admission is identical in the two series of cases.
It may be concluded, therefore, that inclusion of 
eases which ended fatally in the series which received 
extra sodium chloride tended to delay the fatal ending 
beyond the end of the fourth day.
(c) DEATHS WITHIN SEVEN DAYS OF ADMISSION (see Tables 15& 16) 
A smaller percentage of deaths occurred within seven 
days of admission in the cases which received extra sod­
ium ehloride but the result was not significant. In the 
less severe sub-group (C6 and C7) a smaller percentage of 
deaths occurred within seven days of admission in the 
cases which received extra sodium chloride but the result 
was not significant; in the more severe sub-group (G8) a 
smaller percentage of deaths occurred within seven days 
of admission in the cases which did not receive extra 
sodium chloride but the result was not significant.
Again, if cases which ended fatally within twenty- 
four hours of admission are discounted for the reason al-
ready given it is seen that, in the main group and in 
both the sub-groups, there is a smaller percentage of 
deaths before the end of the seventh day in the cases 
which received extra sodium ehloride.
The conclusion here is that inclusion of cases 
which ended fatally in the series which received extra 
sodium chloride tended to delay the fatal ending beyond 
the end of the seventh day.
(d) DEATHS WITHIN FOURTEEN DAYS OF ADMISSION (see Tables 
   ........................................ 17 and 18)
A smaller percentage of deaths occurred within four­
teen days of admission in the cases which received extra 
sodium chloride when the deaths were considered as a whole 
and in each of the sub-groups; the results however were 
not significant. The same result was obtained if deaths 
within the first twenty-four hours were excluded.
The conclusion, therefore, is that inclusion of cases 
which ended fatally in the series which received extra sodium 
ehloride tended to delay the fatal ending till after the 
end of the fourteenth day.
To summarise the conclusions, it seems that the plac­
ing of very severe cases of Diphtheria, in whom a fatal 
ending is to occur, in a series of cases which receive 
extra sodium chloride has the effect of delaying the time
of death in these cases beyond the time at which death 
will occur if they are placed in a series which do not 
receive extra sodium chloride. Following this conclusion 
further it appears probable that some cases which will 
end fatally at a late stage,(e.g. after the fourteenth 
day), if th<y are not included in the series which receive 
sodium ehloride,will be able to make a complete recovery 
as a result of this inclusion. But the recovery of very 
severe cases of this kind will probably occur only with 
the accompaniment of either cardiac or muscular paralyses, 
or of both.
It will be remembered that in the various groups of 
recovered cases the results were generally better in the 
series of cases which received extra sodium chloride and 
that the improvement in the results became more definite 
as the severity of the acute stage increased from that in 
Group I to that in Group III while the improvement in 
Group IV was less obvious or was entirely absent. It will 
be remembered further that all the d eaths in the present 
investigation occurred in Group IV cases. The conviction 
therefore grows that the number of recovered cases in 
Group IV, which received extra sodium ehloride, has been 
added to by cases which would- have ended fatally had they
not been given extra sodium chloride and that the pre­
sence of these cases made the results among recovered 
eases in Group IB appear less impressive.
At this point reference should he made to Table 19 
which shows that in Group 17, the greatest proportion of 
cases, in the series which received extra sodium chloride, 
occurred in the most severe suh-group, whereas the greatest 
proportion of cases in the series which did not receive 
extra sodium chloride occurred in the least severe sub­
group. These facts Indicate that the natural tendency is 
for the results to be less favourable in the former series 
than in the latter, because Begg has shown that results 
become more serious as the severity of the acute stage 
increases. A similar result is found when deaths of cases 
with less than twenty-four hours1 treatment are discounted 
as in Table 20.
Finally, reference should be made to Table 21 whidh 
shows the distribution of recovered cases according to the 
severity of the acute stage within Group IV. In the 
group as a whole a greater percentage of recoveries occur­
red in cases which received extra sodium chloride but the 
result was not statistically significant. In the least 
severe subgroup (G6) a greater—percentage of recoveries
occurred in the series of ^ cases which, received extra 
sodium chloride and this result was almost of statistical 
significance. In the most severe sub-group (C8) a great­
er percentage of recoveries occurred in the cases which 
received extra sodium chloride and the result was statis­
tically significant. In the intermediate sub-group (C7) 
the greater percentage of recoveries occurred in the cases 
which did not receive extra sodium chloride but the re­
sult was not statistically significant. Similar con­
clusions are reached by consideration of Table 22 which 
is calculated in a similar manner but which excludes cases 
which ended fatally within twenty-four hours of admission 
to hospital.
The benefits of the administration of sodium chloride 
to a series of cases of Diphtheria may therefore be stated 
to have been,
(1) reduction in the total number of deaths,
(2) postponement of death in those cases which 
ended fatally,
(3) reduction in the number of cases with para­
lysis ,
(4) diminution in the incidence of severe para­
lysis ,
(5) increase in the number of cases which recov­
ered without developing paralysis and which 
were considered to be physically ready for 
dismissal at the minimum period of hospital residence.
Careful survey also revealed that increase in the 
number of satisfactory recoveries happened as a result 
of reduction in the number of delayed recoveries hut that 
actually very little change occurred in these latter cases 
. because of an influx of eases which occurred as a result 
of reduction in the number of recoveries with paralysis.
A quantitative estimate of the improved results which 
were produced in this series of cases of diphtheria by 
the administration of sodium chloride was made in the 
following manner:
The cases in each series, according to whe­
ther they received extra sodium chloride or did 
not receive extra sodium chloride, were arranged 
in their respective sub-groups Al, etc., Bl, etc., 
G2, etc. The eases in each series and in each 
sub-group were then subdivided according to age- 
groups and according to the date of death or the 
type of redovery.
In each age-group thus arranged the total num­
ber of cases in both series were found; the re­
sults in the series of cases which did not re­
ceive extra sodium chloride were calculated as if 
the total number of cases in this series was equal 
to the total number of cases in the series which 
received extra sodium chloride. The effect of 
this procedure was to produce an array of results 
which was theoretically a measure of what would 
have happened in the series of cases which re­
ceived extra sodium chloride if they had not re­
ceived this treatment.
The summation of the results obtained in each 
age-group and in each sub~group in this fashion
gave a new set of values for the whole series 
of cases which did not receive sodium chloride; 
this gave an estimate of what would have occur­
red in the other series if sodium chloride had 
not heen given*
The detailed results of the calculation are 
given in Tables 23 to 38 inclusive. Table 39 
shows the final summation and Table 40 shows 
the results which would have been expected to 
occur if each series had consisted of two hun­
dred similar cases.
Using whole numbers, the quantitative estimate of 
the results in a hundred cases which received extra 
sodium chloride and in a hundred similar theoretical 
cases which did not receive extra sodium chloride is 
given in the following Table which is derived from Table 
40.
DESCRIPTION OF CASES .CASES WHICH . RECEIVED EXTRA 
SODIUM CHLORIDE 
(Actual
CASES WHICH DID 







Cases of recovery with­
out severe paralysis 89 84
Cases of recovery 93 87
Cases alive after 14
days’ treatment 94 87
Cases alive after 7
days1 treatment 96 94
Cases alive after 4
days’ treatment 98 96
Cases alive after 24 hrs. 99 99
TOTAL CASES 100 100
95.
This table shows that the improvement in the results 
of a series of oases which received extra sodium chloride 
was present throughout the series.
Section 17.
96.
SUMMARY A m  C O M M T S .
The subject of suprarenal cortex deficiency has "been 
examined in detail with reference to Diphtheria. In 
Section I, an account has "been given of suprarenal cortex 
deficiency as it has been observed by various workers in 
animal experiments and in human disease. In Section II 
particular attention has been given to Diphtheria and the 
opportunity has been taken of describing various clinical, 
biochemical and pathological features of the disease, some 
of which have not been shown previously, with the object 
of demonstrating the definite connection which is present 
between the results of general intoxication in Diphtheria 
and the results of suprarenal cortex deficiency. In Sec­
tion III, it has been shown that the placing of cases in a 
regime which includes the administration of a definite 
additional quantity of sodium chloride to them is of un­
doubted benefit to these cases and this, again, is con­
sistent with the idea that suprarenal cortex deficiency 
is present in Diphtheria because sodium chloride has been 
shown to be of value in cases of suprarenal cortex defic­
iency.
It may be objected that the work described in Section
„.III has not sufficiently differentiated between sodium 
chloride and glucose when giving credit to the substance 
which has produced the improved results in one series of 
cases. This was, however, considered during the actual 
investigation and one is quite decided that sodium chloride 
is the beneficial agent for the following reasons:
(1) In the Groups of mild, moderate and severe cases 
(groups I, II and III) there were no cases which received 
continuous rectal glucose saline irrigation; the only 
difference between the treatment bf two parallel series 
of cases was that one series received extra sodium chloride 
by mouth and the other did not; (2) in the Group of very 
severe cases (Group 17) there was a small group of sixteen 
cases which was given sodium chloride only by intravenous 
injection of hypertonic saline solution; thirteen of these 
cases recovered completely without developing paralysis 
and the other three recovered after developing severe 
paralysis; of sixteen similar cases admitted at correspond­
ing times, all developed some degree of paralysis; (3) in 
the cases in Group 17 which received continuous rectal 
glucose saline the quantity of glucose ingested, viz. 
about 300 grammes per day which is sufficient to produce in 
that time 1240 Calories, is scarcely sufficient to supply the
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demands of a normal patient far less the requirements 
of a patient who is acutely ill; (4) in three cases, 
in my experience, the administration of pure glucose in 
repeated small doses intravenously failed to avert a 
fatal issue.
The author is very much indebted to Dr. W,M. Slliott, 
Physic ian-Superintendent of Rue hill Fever Hospital, for 
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Micro-Method for Blood Sugar -Determination.
(Folin-Wu Method modified by Freda K Herbert and 
Margherita C. Bourne, B.M.J., I, 1931, p.95)
Reagents.
1. 3fo sodium sulphate (Ha^SO^.lOHgO)
2. 10fo sodium tungstate (HagWO^. . 2HgO)
3. 2/3H sulphuric acid,
, *4. Folin-Wu copper reagent,
**
5. Phosphomolybdic acid reagent.
6. Standard glucose solution (a stock solution of 
glucose in 0.3f* benzoic acid is diluted to O.Olfo for 
use)
*
Alkaline-Copper Reagent. Dissolve 40 gm. anhydrous 
HaoCOg in about 400 cc. HgO and plaiSe in 100 cc. flask; 
add 7.5 gm. tartaric acid, and when dissolved, add 4.5 gm 
crystallized CUSO4; mix and make up to 1000 cc. With 
impure carbonate a sediment may form in a week or so; in 
such a case, transfer the clear supernatant fluid to an­
other bottle.
* *
Molybdie-Phosphate Solution: put 35 gm. molybdic acid
in a 1000 cc, beaker. Add 5 gm. sodium tungstate, 200 cc. 
10ft HaOH and 200 cc. distilled H20. Boil vigorously 20_ 
to 40 minutes to remove EH3, cool and dilute to 350 ee. c 
distilled HgO. Add 125 cc. Q5fo phosphoric acid and dilute
to 500 cc. tt distilled water.
Protein Precipitation.
Take 3.6 cc. sodium sulphate solution and measure into 
it 0.2 cc. blood. Add 0.1 cc. tungstate solution and O.lcc 
2/3HH2SO4. Mix the reagents without undue shaking and 
separate the fluid at once by centrifuging and pouring the
supernatant fluid through a small filter (filter paper 
Whatman no.41, 5*5 emm,). It is possible to obtain Just 
over 2 cc. of filtrate provided the filter is of the size 
mentioned.
Analysis.
In 3 Folin’s tubes (graduated at 12.5 cc. and 25 cc.)
A, B, C take
A, 2cc filtrate B. Icc O.Olfa glucose C. 2cc 0.01^ glucose 
2cc Folin-Wu (ie. 0.1 mg. gLucose 2ec Folin-Wu
copper Soln. Ice water copper soln.
2cc Folin-Wu copper 
soln.
B and G are the standards. Mix the contents of the tubes 
and place them in a boiling water bath for 6 minutes. Gool 
for 1 or 2 minutes without shaking. To each tube add 2 cc. 
phosphmolybdic acid solution. Dilute to the 12.5 cc. mark 
c water and mix thoroughly. Compare the unknown A in the 
colorimeter with the standard either B or C, whichever is 
the closer to it in eolour.
Calculation.
In the protein precipitation, 0.2 cc. blood was dil­
uted to a total volume of 4 cc. Of the filtrate 2 cc. 
were taken, i.e. a volume equivalent to 0,1 cc. blood, let 
S be the reading of the standard, U the reading of the un-
104.
lenown and W be mgm glucose in the 2 cc. filtrate tahen. 
Standard B contains 1 cc. of 0.01^ > glucose - i.e. 0.1 mgm 
glucose. Then
W x U s 0.1 x S
• - W 0.1 x S
* * TT
£ cc. filtrate contain 0.1 x S mgm glucose.
Similarly, for the standard C, the blood sugar is given
U
# 0.1 cc blood contains 0.1 x S glucose




x 200 mgm. glucose
Estimation of Sodium in Blood. Serup
(Modified from Peters and Van Slyke and from Hawk).
Reagents.
1. Potassium Pyroantimonate Reagent.
2. 10^ alcohol-washed potassium hydrate solution.
3. 95fb alcohol (redistilled over caustic potash)
4. 10H hydrochloric acid or concentrated hydro­
chloric acid of specific gravity 1-182.
5* 20ft potassium Iodide solutioii.
6. N/10 sodium thiosulphate solution (accurately
titrated).
7. lf° freshlyp prepared soluble starch solution.
*
Potassium pyroantimonate reagent; 500 cc, of distilled 
water are heated to bailing point in a Pyrex flask and 
approximately 10 grammes of potassium pyroantimonate are 
added. The boiling is continued for five minutes after 
which the flask is cooled under running water; when the 
contents, are cold 15 cc. of 10°/o potassium hydrate solu­
tion (a Icohol-washed) are added. The reagent is filter­
ed through ash-free filter paper into a paraffined bottle; 
it is usual to find that some undissolved potassium pyro­
antimonate passes through even the finest filter paper, 
but if the reagent is allowed to stand for twenty-four 
hours the undissolved salt will settle to the bottom and 
the supernatant fluid can be used as the reagent. It 
usually keeps well at room temperature for one month.
10 cc. of the reagent precipitates about 11 milligrammes 
of sodium. Before use 2 cc. of distilled water and 3 cc. 
of 95^ alcohol (aw above) should be added to 10 cc. of 
the reagent to ensure that the alcohol (which is in the 
proportion used in the method) does not precipitate the 
pyr oantimonat e.
Method.
Place 1 cc. of serum and 1 drop of 10?& potassium 
hydrate solution in a graduated pyrex centrifuge tube, 
preferably coated with a thin layer of paraffin. Add 5 cc. 
of the potassium pyroantimonate reagent and mix thoroughly 
by rolling the tube between the palms of the hands with 
the opennend uppermost. Add exactly 1.5 cc. of 955* alcohol 
and mix in the same manner till a uniform turbidity is ob­
tained. Cover the top of the tube and allow to stand for 
30 minutes. Centrifuge for 5 minutes and siphon off all 
but 2 cc. of supernatant fluid. Add 5 cc. 30^ > alcohol 
(30 cc. of 955* alcohol made up to 95 cc. with distilled 
water), mix and recentrifuge for 5 minutes. Repeat twice. 
Remove all supernatant fluid with a pipette, the nozzle of 
which is fine and turned on itself.
Add to the precipitate of sodium pyoantimonate at the 
foot of the centrifuge tube, 24 cc. of hOE hydrochloric 
acid, stirring thoroughly with a glass rod to aid solution 
of the precipitate. Continue till solution is complete. 
Transfer to a tall beaker aiding transfer with not more than 
5 cc. distilled water. Add 2 cc. 20^ potassium iodide 
solution and titrate at once with M/10 sodium thiosulphate 
solution adding the latter very rapidly with constant stirr-
ing till the yellow colour has almost gone; add 0*5 cc. 
soluble starch solution and continue adding thiosulphate 
solution until the blue colour has gone and the contents 
of the beaker are clear, when the end point is reached.
At the same time controls are carried through with 
known solutions of sodium chloride of strength equivalent 
to the solution of sodium in blood serum.
Calculation.
Iodine is produced by the action of antimony (freed 
from combination in sodium pyroantimonate by the action of 
hydrochloric acid) on potassium iodide and it is known that 
one equivalent of iodine is filled by the amount of anti­
mony bound to 0.5 equivalent of sodium. Therefore 1000 cc 
H/l thiosulphate is equivalent to 0.5 equivalent of sodium 
and 1 cc. n/10 thiosulphate is equivalent to 0.05 milli- 
eq[uivalent of sodium. If X cc. of M/10 thiosulphate are 
required the serum sodium' in milli-equivalgnfes per litre is 
X x (thiosulphate factor) x 0.05 x 1000 
or 50X x (thiosulphate factor)
In actual practice Peters and Van Slyke make a small 
correction and the figure used is 48.6X x (thiosulphate 
factor).
Estimation of Chlorine in Blood Serum.
(Peters and Van Slyke.)
Reagents:
1. Van Slyke and SendwyTs reagent: M/200 silver nitrate in 
concentrated nitric acid of specific gravity 1.4 (Dis­
solve 8.495 gm. fused silver nitrate in a minimum amount 
of water and make up to 1 litre with concentrated nitric 
acid.) The solution is kept in a coloured bottle in 
the dark and keeps indef initely.
2. Saturated solution of potassium permanganate.
3. S/50 ammonium sulphocyanide solution (1.5 gm. of salt 
is dissolved in 900 cc. and the solution is further di­
luted till 7.5 cc. are required to titrate 3 cc. of the 
silver nitrate reagent.)
4. 5/o ferric alum solution.
5. Concentrated nitric acid solution.
Method.
To 1 cc of serum in a 25 x 200 mm. Pyrex glass tube add 
slowly and with constant stirring 3 cc. of M/200 silver ni­
trate in concentrated nitric acid. Add 2 cc. of concen­
trated nitric acid and bring to the boil over a free flame; 
add saturated potassium permanganate solution to the boil­
ing mixture, one drop at a time, until the digestion mixture 
becomes clear. Wash down the sides of the tube with not 
more than 5 cc. of distilled water and boil again till the 
mixture is clear: it may be necessary to add several more
drops of saturated potassium permanganate at this stage. 
The contents of the tube are eooled rapidly to room temp­
erature hy placing the tube under running water and 6 cc. 
of ferric alum solution is added. The excess silver ni­
trate is titrated with M/50 ammonium, sulphocyanide until 
a pink colour appears and persists for fifteen seconds.
Calculation.
If x a number of cc. sulphocyanide used, then 
20(7.5 - x) » mi Hi-equivalents of chlorine in 1 litre ' 
blood serum.
A control experiment using 1 cc of a known strength 
of solution containing chlorine (as sodium chloride) is 
carried through at the same time.
Estimation of Potassium in Blood Serum,
(Modified from Peters and Van Slyke)
Reagents;
1. Distilled water.
2. 10f sodium tungstate solution.
3. 2/3H sulphuric acid solution.
4, 5fo silver nitrate solution.
5. Sodium cohaltinitrite reagent.
6. 40?s silver nitrate solution.
7. H/5 sodium hydrate solution.
8, 0.5fo solution of sulphanilic acid in 5# hydro­
chloric acid.
9. 0 . 5 solution of naphthylamine in hydrochloric 
acid.
10. Standard solution of potassium sulphate (0.08 mgm 
in 5 c c .).
Sodium cot) alt ini trite reagent: (A) Dissolve £5 gm.
cohalt nitrate crystals in 50 cc. of water and add 12,5 cc. 
glacial acetic acid.
(B) Dissolve 120 gm, sodium nitrite (potassium free) 
in 180 cc, of water.
Add 210 cc. of (B) to the whole of (A) and draw air 
through the solution until all the nitric oxide gas given 
off is removed. Place reagent in paraffin-lined Bottle 
in refrigerator. It keeps well for one month hut should 
he filtered before use.
To prepare this reagent for use add 1 cc. of 40^ 
silver nitrate solution to each 10 cc. of sodium cohalti- 
nitrite reagent, mix thoroughly and filter. The filtrate 
may he called silver cohaltinitrite reagent.
110.
Method. -
To 1 cc. serum add 7,5 cc. distilled water, 0,5 ce. 
sodium tungstate solution, 0.5 cc. 2/3U sulphuric acid, and
0.5 cc. 5fo silver nitrate solution. Mix thoroughly and 
centrifuge till a clear supernatant fluid is present. Take 
5 cc. of this fluid and 5 cc. of standard potassium sulphate 
and place in separate centrifuge tubes. Add 2 cc. of silver 
e oh alt ini trite reagent to each and allow to stand for 2 hours. 
Centrifuge thoroughly and remove the supernatant fluid with 
a pipette, the nozzle of which is turned on itself. Wash 
several times with distilled water, centrifuging and remov­
ing the fluid on each occasion. After complete washing 
add 5 cc. of E/5 sodium hydrate solution to each and heat 
to the hoiling point; centrifuge thoroughly to deposit all 
the hlack precipitate and, if the supernatant fluid is not 
clear, filter. Wash filtrates into 50 cc. volumetric 
flasks and make up to the volume with distilled water. Mix 
thoroughly and transfer 8 cc, from each into 100 cc. volu­
metric flasks; add about 60 cc. of distilled water, 2 cc, 
of G.5/o sulphanilic acid solution and 1 cc. of 0.5^  naph- 
thylamine solution and make up to 100 cc. with distilled 
water. Mix and allow to stand for 10 minutes when the 
two may he compared in a colorimeter.
111.
Calculation.
„ . „ . . .   Reading of Standard „ ^
Value of potassium m  mgm/100 ce = ^  nyd-^™™ x 16
Value of potassium in milli-equivalents per litre
Reading of Standard x 16
= Reacting of Unknown S.9'1
A P P 1 I D I X B
*
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CASE XI* A.I»., female, 12 years of age.
This patient was admitted on 10.5.33, the sixth day 
of illness. The severity of the acute stage was that of 
Group I. She recovered without developing paralysis and 
was dismissed on 19.6.33.
The Water Test reveals deficiency in the excretion of 
water hy the kidneys on admission.
1
DAIE il.5.33 18.5.33 25.5.33 1.6.33 8.6.33
THEE 1 Q. S.G. QV S.G. Q. |S.G. Q. |S.&. Q* S.G.
[ 9pm-9am. 1 24 
I 10 am. 1 2 
• 11 am. | 11 
- 12 noon. r 2 
i 1 pm. S O  
j 2 pm. 1) 
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I QUANTITY: 2hrs 





































0 0 0 J
Q. - Quantity in ounces. 
S.&. - Specific Gravity.
CASE XXI. M.G., female, 9 years of age.
This patient was admitted on 18.5.33, the second day 
of illness. The severity of the acute stage was that of 
Group II. She recovered without developing paralysis and 
was dismissed on 27.6.33.
The Water Test shows deficiency in the excretion of 
water at the time of admission.
DATE 19.5.33 26.5.33 2.6.33 | 9.6.33































































































76% 0 0 0
11*.
CASE XIII. M.J., female, 2>Z years of age,
This patient was admitted on 20.5.33, the second day 
of illness. pie severity of the acute stage was that of
Group III. The patient1 s recovery was complicated by the
presence of a mild form of muscular paralysis. She was 
dismissed well on 10.7.33.
The Water Test shows deficiency in the excretion of 
water at the time of admission.
BATE 21.5.33 28.5.33 4.6.33 11.6.33
TIME Q. ! s.s.1 . . . Q.














































































66# 0 0 0.
On the assumption that 1 oz. is exereted 
in the 6th hours.
CASS XIV. E.O., female, IS years of age.
This patient was admitted, on S3.5.33, the third day 
of illness. The severity of the acute stage was that of 
Group III. She recovered without developing paralysis and 
was dismissed on 4.7,33.
The Water Test reveals deficiency in the excretion of 
water at the time of admission.
!daee S4.5.33 31.5.33 7.6.33 14.6.33
TIME Q. ! S.G.
1......
Q. i S.G. Q. ! S.G. Q. 1 S.G.
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CASE XVI. M.D., female, 18 years of age*
This patient was admitted, on 24.5.33, the fourth day 
of illness. The severity of the acute stage was that of 
Group I. She recovered without developing paralysis and 
was dismissed on 4.7.33.
The Water Test reveals deficiency in the excretion of 
water on admission.





TIME Q. ! S.G. Q. S .P. Q. S.G. Q. is.G.j Q. S.G.
fpm-9am 4
1
j 1042 7 1032 28 1028
1
15 jl030 4 1024
10 am. 2 j 1032 6 1008 25 1002 4 J1010 10 1008
11 am. 4 1 1006 14 1002 12 1002 22 ilOOO 12 1000
12noon 0 I 2 1020 3 1012 2fc jl002 1) 1012
1 pm. 0 l " \  I 1022
3 1018 2 J1010 i)
2 pm. 0 2a ) 1018 11026 lA 1010
3 pm. 4* { 1030
i
H4> - 1* 1020 14) Is 1010
QUANTITY: 2hrs 6 20 37 26 22
DEFICIENCY : n 9 0 0 0 0
£ DEFICIENCY 60 0 0 0 0
QUANTITY: 5hrs about 9tr* 25i 444 31* 254
DEFICIENCY .  IT 4/fc 0 0 4'Z
fo DEFICIENCY 68^ 15% 0 . 0 15
MINIMUM 60 0 0 0 0
DEFICIENCY
it
* On the assumption that 1 oz. of urine was ex 
creted in the sixth hour.
118.
CASE XVII. J.R., female, 19 years of age.
This patient was admitted on 25.5.33, the third day 
of illness. The severity of the acute stage was that of 
Group II. Recovery was interrupted "by the presence of 
mild cardiac paralysis from the end of the second week till 
the middle of the fourth week of treatment. She was dis­
missed well on 5.9,33.
The Water Test revealed deficiency in the excretion 
of water hy the kidneys on admission and at the end of the 




























































































CASE XVIII. M.J., female, 9 years of age.
This patient was admitted on 25.5.35, the third day 
of illness. The severity of the acute stage was that of 
G-roup II. Recovery too3c place without the development of 
paralysis and the patient was dismissed well on 14.7.33.
The Water Test revealed deficiency in the excretion 
























































































81% 70 0 0
CASE XIX. M. McK., female, 28 years of age.
This patient was admitted on 16.6.S3, the sixth day 
of illness. The severity of the acute stage was that of 
Group II. She recovered without developing paralysis and 
was dismissed on 5.8.33,
The Water Test showed deficiency in the excretion of 
water on admission and one week later.
DATE 17.6.33 24.6.33 1.7.33 8.7.33 15.7.33











































































































CASE X£. A.R., female, 18 years of age.-
This patient was admitted on 15.6.33, the second day 
of illness. The severity of the acute stage was that of 
Group II. She recovered without developing complications 
and was dismissed well on 26.7.33.
The Water Test on the day after admission was vitiated 
by the presence of menstruation; it was attempted again 
seven days later hut was unsatisfactory because of vomiting. 
Tests at later stages did not reveal deficiency of excre­
tion of water.
DATE 23.6.33 30.6.33 7.7.33 14.7.33


















































































CASS %XI. J.W., female, 31 years of age*
This patient was admitted on 20.6*33, the fourth day 
of illness. The severity of the acute stage was that of 
Group I. Recovery was uneventful and tha patient was dis­
missed well on 29,7.33.
The Water Test showed deficiency in the excretion of 
water on admission and up till the end of the second week 
in hospital.
DATE 21.6.33 28.6.33 5.7.33 12.7.33




















































































CASE XXII. M.R., female, 9 years of age.
This patient was admitted on 28.6.33, the fourth day 
of illness. The severity of the acute stage was that of 
Group I. Recovery was uneventful and the patient was dis­
missed on 5.8.33,
The Water Test revealed a deficiency in the excretion 
of water on admission and one weeh after admission.
DATE 29 .6.33 6.7.33 13 .7.33 20. 7.33






















































QUANTITY: 2hrs 104 12 19 18
DEFICIENCY: TT *4 3 0 0
f'o DEFICIENCY 30 20 0 0
QUANTITY: 5hrs 13 19 33-£- 26
DEFICIENCY: tf 17 11 0 4
fo DEFICIENCY 56% 36% 0 13%
MINIMUM 30 2 0 0 0
DEFICIENCY
CASE XBIII. C.D., a female, 9 years of age.
This patient was admitted on 6.7.33, the fifth day of 
illness. The severity of the acute stage was that of Group
I. The patient recovered without developing paralysis and 
was dismissed well on 16.8.33.
The Water Test showed deficiency of excretion of water 
on admission and one week later; the test at the end of the 
second week was normal hut there was deficiency again one 
week later; after that the test was normal.
DATE 6.7.33 13.7.33 20.7.33 27. 7.33 3.8.33
TIME Q. .S.G. .
I'
a. 1 s.g. • Q. , S.G. ; S.G,
j, i i i .
.Q.i.S.G.-,
9pm - 9am 3 1020
‘ ' 1 ■ ■
1
26 j1015 12 1032 13 1028
1
4 j 1032
10 am. 1 1020 0 [ - 3 1006 3 1004 4 | 1002
11 am. 0 lLI ,1002 14g 1000 7 1000 12 , 1000
lEnoon 3 1000 6 1000 9 1000 7 j 1000
1 pm. 0 - i r 010 2 1016 34 1001 5 1 1002
2 pm. 4) 1012 D  J1026 0 - 1 1008 2 i 1004
3 pm. 4) JL), i
1 1020 0 - 1 J 1016
QUANTITY: 2hrs 1 11 10 16
DEFICIENCY: " 14 4 0 5 0
fo DEFICIENCY 93% 26% 0 33%. 0
QUANTITY: 5hrs 44 i4i 25 g 23f 30
DEFICIENCY: ” 254 15* 4* 0
fo DEFICIENCY 8 4£ 51% 15 20 £ 0
MINIMUM 84 'L 26% 0 20% 0
DEFICIENCY
CASS3QCIV. E.G., female, 26 years of age.
This patient was admitted on 1.7.35 and gave a history 
of having had a sore throat four days previously; the throat 
swal contained virulent G.diphtheriae. ho obvious diphther­
itic lesion was present on admission and general symptoms of 
Diphtheria were absent. She was dismissed on 5.8.33.
The Water Test on admission was abandoned because of men­
struation; tests later showed no deficiency in the excretion 
of water.
DATE 9. 7.33 16. 7.33 23. 7.33 30.7.33
TIME Q.

























































QUANTITY: 2hrs 25 24 30 30
DEFICIENCY: u 0 0 0 0
fo DEFICIENCY 0 0 0 0
QUAhT ITY: 5hrs 34 29 34f 35
DEFICIENCY: « 0 1 0 0
fo DEFICIENCY 0 3/i 0 0
MINIMDM (3 0 0 0
DEFICIENCY
CASE XX?. J.S., female, 40 years of age.
This patient was admitted on 5,7.33, the fifth day 
of illness. The severity of the acute stage was that 
of Group II, Recovery was uneventful and the patient 
was dismissed well on 17.8,33,
Throat swabs of this patient did not reveal diph­
theroid organisms. The clinical appearances were those 
of a typical faucial diphtheria.
The Water Test did not reveal deficiency in the ex­
cretion of water at ary stage.
DATE 11.7.33
00H 7.33 25.7.33 1.8.33
TIME Q. S.G. Q. S.G. Q . j S.G. Q . S.G.
9pm - 9am. 1020 22 1020
| 1 1 
1
18 j 1020 28 1026
10 am. £ 1010 10 1002 u  | looi 1* ,1002
11 am. 12 1000 18 1000 9 i 1000 15 1000
12 noon 3 1002 3 1002 6 J 1003 2* 1003
1 pm. 0 - 1* 1016 If I 1012 2 1006
2 pm. 0 - 1016 1| j 1022 1 10 083 pm. 4 1018 i) * i ~ 0 !
QUARTITY: 2hrs 17 28 20 16§
DEFICIENCY: it 0 0 0 0
fo DEFICIENCY 0 0 0 0
QUANTITY: 5Jars 20 33* 29t
22
DEFICIENCY: « 10 0 4 8
f DEFICIENCY 33^ 0 si 26^
MINIMUM o 0 o 0
DEFICIENCY
127.
CASE XXVI. M.M., female, 12 years of age.
This patient was admitted on 12.7.33, the second day 
of illness. The severity of the acute stage was that of 
Group I. Recovery was not complicated by any of the re­
cognized sequelae of Diphtheria hut a septic condition of 
the hands delayed dismissal till 16,9.33.




TIME Q. S.G. Q. S.G.. Q. | S.G.
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CASE XXVIII. J, Mel. , female, 44 years of age.
This patient was admitted on 19.7.33, on the fifth 
day of illness. The severity of the acute stage was that 
of Group II. Recovery took place normally and the patient 
was dismissed on 19*8.33.
The Water Test revealed deficiency in the excretion 
of water on admission and one week later.
DATE ! 20.7.33 27.7.33 J 3.8.33 10.8.33
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130
CASE XXIX. A.C., female, 12 years of age*
This patient was admitted on 20.7.33, the fourth 
day of illness. The severity of the acute stage was 
that of Group II. The patient recovered without develop­
ing paralysis and v/as dismissed on 31.8.33,
The Water Test revealed deficiency in the excretion 
of water on admission and again at the end of the second 
week, hut not at the end of the first week or later than 
the second week.
DATE 21 .7.33 28.7.33 4.8.33 11.8.33 18.8.33
TIME Q. S.G. Q. S.G. Q. S.G. Q.
i
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CASE XXX. J, McM., female, 12 years of age.
This patient was admitted on 27.7.33, the fifth 
day of illness. The severity of the acute stage was 
that of Group II. Recovery was uncomplicated and the 
patient was dismissed on 5.9.33.
The Water Test revealed deficiency in the excretion 
of water on admission and one week later.
DATS
TIME
j 9pm - 9am. 
Ii 10 am. 









8 1038 10 1030 14 1028
2 1012 li 1022 6 1012
12 1000 13 1002 18 1000
6 1002 6 1002 6 1002


















































! DEFICIENCY 6 * *3 ? 0 0
132.
CASS XXXI. W.P., female, 12 years of age.
This patient was admitted on 8.11.33, the third day 
of illness. The severity of the acute stage was that of 
Group II. Albuminuria was present on the first two days 
in hospital. The patient’s recovery was uninterrupted by 
paralysis and she was dismissed on 27.12.33.
The Water Test revealed deficiency in the excretion 
of water on admission and one week later.
1
1 DATEi
10.11.33 17.11.33 24.11.33 1.12,33 8.12.33
] TIME Q. S.G. Q. S.G. Q. S.G. Q. S.G. Q. S.G.











































































































DEFICIENCY 61% % 40 0 0 0
CASS XXXII. S.S., female, 10 years of age.
This patient was admitted on 11.1133, the fifth 
day of illness. The severity of the acute stage was • 
that of Croup II. She made an uneventful recovery and 
was dismissed on 27.12.33,
The Water Test revealed diminished excretion of 





9pm - 9am. 0 - 5 1021
10 am. 0 - 12 1002
11 am. 10 1012 4 1010
12 noon 0 — 1 ) 10201 pm. 9 1019 ll)
2 pm. 0 - ll 1024
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134.
GASS XXXIII.
A.G., female, 28 years of age.
This patient was admitted on 12.11.33, the fourth
day of illness. The severity of the acute stage was
that of Group I. The patient recovered without develop­
ing paralysis and was dismissed on 23.12.33.
The Water Test showed deficiency in the excretion 
of water on admission and one week later.
DATS
TIMS Q. S.G. Q. S.G.
r

















































































I QUANTITY: 5hrs Ilf 17 22 28f 304
\ DEFICIENCY: IT 184 ^ 13 8 a If , 0
f DEFICIENCY 60^ f- 43%-% 26% % 0
MINIMUM
DEFICIENCY 53^ 4
23%} 0 0 0
CASE XXXIV. M.B., female, 20 years of age.
This patient was admitted on 5.12.33, the fourth 
day of illness. The severity of the acute stage wafr 
that of Group II. Recovery was uncomplicated and the 
patient was dismissed well on 5,12.33.
The Water Test revealed deficient excretion cf 
water on admission and one week after admission.
RATE 6.12.33 14.12.33 21.12.33 28.12.33
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CASE XCT. A.J., female, 10 years of age.
This patient was admitted on 6.12.33, the fifth 
day of illness. The severity of the acute stage was 
that of Group I. She made an uninterrupted recovery 
and was dismissed on 16.1.34.
The Water Test revealed deficiency in the excretion 
of water three days after admission.
DATE 9.12.33 16.12.33 23.12.33 30.12.33
























































































DEFICIENCY 79 \ 1 0 0 0
CASE 3QQC71, G.T., female, 11 years of age.
This patient was admitted on 27.12.33, the fourth 
day of illness. The severity of the acute stage was 
that of Group I. She recovered without developing com­
plications and was dismissed well on 5.2.34.
The Water Test revealed diminished excretion of 
water on admission.
DATE 29.!1.33 5.:L.34 12.1.34 19.1.34 26.1.34
TIME Q • S.G. Q. S.G. Q. S.G.
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56% ^ 0 0 0 0
138.
CASS XXXVII. J.P., female, 15 years of age.
This patient was admitted on 28.IS.33, the eighth 
day of illness. The severity qf the acute stage was
that of Group II. Albuminuria was present from 29.12.33 
to 2.1.34 inclusive and was not associated with menstru­
ation. Recovery was retarded by the development of 
cardiac paralysis of a mild type on 9.2.34. The patient 
was dismissed well on 28.2.34.
The Water Test revealed deficiency of excretion of 
water on admission and a fortnight later but not at the 
end of the first week in hospital.
DATE 30.12.33 8.1.3ft 15.1.34 22.1.34 29.1.34








































































































DEFICIENCY 16$ f 0
25 0 0
139.
CASS XXXVIII. M. McC., female, 34 years of age.
This patient was admitted on 5.1.34, the second day 
of illness. The severity of the acute stage was that of 
Croup II. She developed arthritis and colitis in the 
fourth week of residence hut no evidence of paralysis was 
found. The patient was dismissed on 22.2.34.
The Water Test showed deficiency in the excretion 
of water on admission and one week later.
DATE 8.1.34- 15.1.34 22.1.34 29.1.34 5.2.34
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CASE XL, M.M., female, 11 years of age*
This patient was admitted on 22*1.34, the second day 
of illness. The severity of the acute stage was that of 
Croup II. Recovery was uninterrupted and the patient was 
dismissed on 23*2.34.
The Water Test revealed deficiency in the excretion 
of water on admission.
DATE 25.1.34 2.2.34 10.2.34 17. 2.34























































QUAINT ITY: 2hrs 5i 25 16 28
DEFICIENCY: IT 9-g- 0 0 0
DEFICIENCY 63 /3 0 0 0
QUANTITY: 5hrs 9| 35 27i 32§
DERICIENCY: n 0 2i 0
fb DEFICIENCY 68 0 0
MINIMUM 6Z'A 0 0 0
DEFICIENCY
CASE XLI. I.S., female, 13 years of age.
This patient was admitted on 13.£.34, the fourteenth 
day of illness. The severity of the acute ®tage was that
of Group II. The patient’s recovery from her attack of 
Diphtheria was free from incident hut she developed Scarlet 
Fever two days before she would have been dismissed.





























































































* On the assumption that 1 oz, is excreted in 
the sixth hour.
CASE XLII. J.G., female, 24 years of age.
This patient was admitted on 24,2.34, the third 
day of illness. The severity of the acute stage was 
that of Group II. Recovery was free from incident and 
the patient was dismissed on 30,3.34.
The Water Test showed deficiency of excretion of 
water on admission and one weelc later.
DATE 26.2.34 5.3.34 12.3.34 19.3.34































































































80% 20 0 0
" B L O O D  S U G A R  C U R V E S "
The term "amount of reducing substance excreted 
in the urine" in the following case-records refers to 
the period of five hours following the ingestion of the 
sugar. It has been calculated by diluting the urine a 
hundred times, or more, with water, and employing Herbert 
and BourneTs method as used for blood sugar for the test. 
The term "reducing substance" is used in preference to 
"sugar" because other substances in the urine, other 
than sugar, are capable of reducing cupric solutions.
The figures have been included only because the excretion 
of galactose and laevulose in amounts of more than 3 
grammes in five hours have been regarded as evidence of 
hepatic insufficiency by certain clinicians, notably the 
physicians of the Mayo Clinic, It is seen that there 




T.R., male, 13 years of age. GLUCOSE.
This patient was admitted on S6.ll.33, the fifth 
day of illness. The severity of the acute stage was 
that of Group I. He recovered without developing 
paralysis and was dismissed on 5.1,34.
A blood sugar curve on S8.ll.33 showed initial 
hypoglycaemia and had the form of a lag curve. On
SI.IS.33 the fasting blood sugar was within normal 
limits and the curve was of normal form.
The amount of reducing substance excreted in the 
urine on S8.ll.33 was 0.085 gm. and on SI.IS.33, 0.116 gm#

CASEJQOT.
S.B., male, 22 years of age. GLUCOSE.
This patient was admitted on 26.11.33, the third 
day of illness. The severity of the acute stage was 
that of Group I. Recovery took place without compli­
cations and the patient was dismissed on 29.12.33,
A "blood sugar curve on 28.11.33 showed a normal 
fasting "blood sugar and a normal rise after half-an- 
hour; the fall of the "blood sugar was delayed however.
On 21.12.33, the fasting "blood sugar was normal and the 
form of the curve was approaching normal; the amount 
of the "blood sugar after half-an-hour was unduly high.
The amount of reducing substance excreted in the 
urine on 28.11.33 was 0.080 gm. and on 21.12.33, 0.163 gm.

CASE XLV.
A,1., male, 11 years of age, GLUCOSE,
This patient was admitted on 1,12,33, the eighth 
day of illness, The severity of the acute stage was 
that of Group II. Recovery was unaccompanied "by 
paralysis hut dismissal was delayed till 2,2,34 be­
cause of the persistence of positive throat cultures,
A blood sugar curve on 2,12,33 showed fasting 
hypoglyeaemia and had a lag; on 9,1,34 the fasting 
blood sugar was within normal limits, but the curve 
still had a lag form although the blood sugar was 
bach to normal within two hours.
The amount of reducing substance excreted in the 




B.D., male, IE years of age. GLUCOSE.
This patient was admitted on IS.IS.33, the fifth 
day of illness. The severity of the acute stage was 
that of Group I. Recovery took place without incident 
and the patient was dismissed on SO.1.34.
A "blood sugar curve on 13.IS.33 had its peak after 
one hour and the return to normal was slightly delayed 
- the fasting "blood sugar was within normal limits. On 
9,1.34 the curve was normal.
The amount of reducing substance in the urine was 
0.079 gm. on 13.1S.33 and 0.058 gm. on 9.1.34*

148.
case r a m .
W.H., male, 18 years of age. GLUCOSE.
This patient was admitted on 19.12.33, the second 
day of illness. The severity of the acute stage was 
that of Group II. The patientls recovery was normal 
and he was dismissed on 29.1.34.
A blood sugar curve on 21.12.33 showed a normal 
fasting blood sugar; the peak of the curve was at one 
hour and the return to normal was delayed. On 20.1.34 
the fasting blood sugar was lower but still within 
normal limits, the peak of the curve was at half-an- 
hour and the return to normal was slightly delayed.
The amount of reducing substance in the urine on
21.12.33 was 0.287 gm. and on 20.1.34 was 0.144 gm.

CASE XLVIII.
A.F., male, 16 years of age. GLUCOSE,
This patient was admitted on 25.12.33, the third 
day of illness. He had previously "been under treat­
ment for Chronic Nephritis of azotaemic nature and 
was dismissed to a general hospital on 22,1.34. The 
severity of the acute stage of his Diphtheria was that 
of Group I.
A "blood sugar curve on 29.12.33 showed a fasting 
"blood sugar which was slightly below normal; there was 
a very small rise in the ensuing hour. On 18.1.34, 
the fasting "blood sugar had returned to normal and the 
peak of the curve, although not high, was after half-an 
hour.
The amount of reducing substance excreted in the 
urine on 29.12.33 was 0.187 gm. and, on 18.1.34 it was 
0.127 gm.
The blood urea, which was tested in samples of 
blood from the pricked finger, was 127 and 84 mgrn^.per 
100 cc, on 25.12.33 and 18.1.34, respectively.
: i±
CASE XLIX.
H.J., male, 22 years of age, GLUCOSE.
This patient was admitted on 24.12,33, the second 
day of illness. The severity of the acute stage was 
that of Group II. He made an uncomplicated recovery 
and was dismissed on 6.2,34,
A "blood sugar curge on 29.12.33 showed a hypo- 
glycaemic fasting state and a very flat shape which 
failed to rise ahove normal; on 20.1.34 the fasting 
"blood sugar had risen within normal limits and the form 
of th4 curve was practically normal.
The amount of reducing substance excreted in the 




B.B., male, 32 years of age.
This patient was admitted on 26.12.33. He 
appeared to be in good health, but a culture made 
from a swab of his throat had been found to contain
C.di|>htheriae. He was dismissed, no longer a diph­
theria carrier, on 18.1.34.
A blood sugar curve on 30.12.33 was abnormal 
only in that the pea3c was delayed to one hour; on 
17.1.34, the curve was normal.
The amount of reducing substance excreted in the 




J.G., male, 50 years of age. GLUCOSE.
This patient was admitted on 26.12.33, the fifth 
day of illness. The severity of the acute stage was 
that of Group I. Ho complications occurred and the 
patient was dismissed on 6.2.34.
A "blood sugar curve on 30,12.33 showed a fasting 
hypoglyeaemia and delay of the peak till one hour’; 
on 30.1.34 the fasting blood sugar was normal and the 
shape of the curve was practically normal.
The amount of reducing substance in the urine on




F. McK., male, 11 years of age. GLUCOSE.
This patient was admitted to hospital with a 
condition which was later diagnosed as Influenza, on 
29.12.33. While convalescent from this, he developed 
Diphtheria on 4.1.34 and came under treatment on 5.1.34, 
the second day of illness. The severity of the acute
stage was that of Group II. Recovery was uncomplicated
but dismissal was delayed by the continuation of positive 
cultures.
A blood sugar curve on 6.1.34 showed a normal fast­
ing blood sugar and a form of low amplitude; on 1,2.34, 
the curve was similar but the blood sugar at half-an-hour 
reached a slightly higher level.
The amount of reducing substance excreted in the 





B.I., male, 34 years of age. GLUCOSE.
This patient was admitted on 3.1.34, the third 
day of illness. The severity of the acute stage was
that of Group I. He recovered without developing 
paralysis and was dismissed on 11.2.34.
The blood sugar curve was normal on admission.
On 1.2.34 the return of the blood sugar level to normal 
was somewhat delayed.
The amount of reducing substance excreted in 




CASE JjI Y .
J.M., male, 30.years of age. GIUCOSE.
This patient was admitted on 14.1.34, the fourth 
day of illness. The severity of the acute stage was 
that of Group II. Recovery was normal and the patient 
was dismissed on 24.2.34.
A blood sugar curve on 16.1.34 showed a fasting 
blood sugar which was within normal limits but a slight 
tendency to delay in the fall of the sugar level to 
normal. The curve was normal on 20.2.34.
The amount of reducing substance excreted in the 





J.I., male, 14 years of age. GLUCOSS.
This patient was admitted on 16.1.34, the fourth 
day of illness. The severity of the acute stage was 
that of Group II. Slight albuminuria was present from 
admission till 1.2.34, Recovery took place without 
the development of paralysis. The patient was dis­
missed well on 2.3.34,
A "blood sugar curve on 17.1.34 showed a normal 
fasting "blood sugar "but there was a tendency in the 
shape of the curve to approximate to a lag curve; on 
8.2.34 the blood sugar curve was normal.
The amount of reducing substance excreted in the 
urine on 17.1.34 was 0.069 gm. and on 8.2.34 it was 
0.207 gm.

c a s e l v i .
A.H., male, 13 years of age. GLUCOSE.
T M s  patient was admitted on 20*1.34, the second 
day of illnesss. The severity of the acute stage 
was that of Group II. The patients recovery was 
interrupted hy the development of acute tonsillitis 
on 1.2,34 hut otherwise there were no complications.
A hlood sugar curve on 23,1.34 sho?/ed a fasting 
hypoglycaemia and was definitely of the lag type. The 
hlood sugar curve was approaching normal on 20.2,34.
The amount of reducing substance excreted in the 
urine was 0.102 gm* on 23.1.34 and 0.274 gm, on 20.2.34,

CASE LVTI.
J.U., male, 30 years of age. GLUCOSE.
This patient was admitted on 27,1,34 and was 
dismissed on 7,2,34, He was a contact of several 
cases of severe Diphtheria and was found to have a 
positive throat swat. He gave a history of having 
had a sore throat one wee3c "before admission. Ho 
clinical evidence of Diphtheria was present,
(The blood sugar curve on 30.1.34 showed a slight 
tendency to delay in the return to normal of the sugar 
level.
The amount of reducing substance excreted in the 




J. MeM., male, 13 years of age. GLUCOSE.
This patient was admitted on 7.S.34, the fourth 
day of illness. The severity of the aoute stage was 
that of Group II. He made a normal recovery and was 
dismissed on 19.3.34.
A "blood sugar curve on 8.2.34 showed a normal 
fasting "blood sugar "but the form of the curve was 
definitely suggestive of the lag type. On 10.3.34 
the "blood sugar curve was normal.
The amount of red.u.cing substance excreted in the 
urine was 0.062 gm, on 8.2.34 and 0.185 gm. on 10.3.34.

CASE LEE.
J.P., female, 10 years of age. GALACTOSE.
This patient was admitted on 17.6.33, the third 
day of illness. The severity of the acute stage was 
that of Group I. Recovery was normal and dismissal 
took place on 29.7.33.
A blood sugar curve on 18.6.33 showed a normal 
fasting blood sugar; the range of the blood sugar 
in the subsequent curve was similar to the lag curve 
in several cases in which glucose was the test sugar. 
On 14.7.33, the blood sugar curve was normal.
The amount of reducing substance in the urine was
not estimated. Fehling's solution for the testing/
of the qualitative presence of sugar in urine was 
not reduced on either occasion.

CASE LX.
J.B., female, 12 years of age. GALACTOSE.
This patient was admitted on 7.11,33, the fourth 
day of illness. The severity of the acute stage was
that of Group I. Between 23.12.33 and 27.12.33 the 
patient had numerous extra-systoles. She was dis­
missed well on 2.1.34,
Blood sugar curves on 8.11.33 and 5.12.33 were 
normal with the exception that on the former occasion 
the fasting Blood sugar was subnormal.
The amount of reducing substance excreted in the 
urine was 0.289 gm, on 8,11.33 and 0.273 gm. on 5.12,33.

CASS 1X1.
E.R., female, 14 years of age. GA1ACT0SE.
This patient was admitted, on 9.11.33, the second
day of illness. The severity of the acute stage was
that of Group II. Mild albuminuria was present from
27.11.33 to 5.12.33. Recovery was normal. The patient 
was dismissed on 21.12.33.
Blood sugar curves on 10.11,33 and 7.12.33 were 
normal.
The amount of reducing substance excreted in the 
urine %was 0.242 gm, on 10.11.33 and 0.264 gm, on 7.12.33.

cass a m .
M.D., female, 11 years of age. GALACTOSE. •
This patient was admitted on 11.11.33, the fifth 
day of illness. The severity of the acute stage was 
that of Group I. Recovery was normal and dismissal 
took place on 27.12.33.
A Hood sugar curve on 14.11.33 was similar in 
shape to that of a normal curve following glucose. On
9.12.33 the curve was normal in shape hut the level of 
the blood sugar was rather high.
The amount of reducing substance excreted in the 
urine was 0.168 gm. on 14.11*33 and 0.094 gm. on 9.12.33.
^
CASE LXIII.
M.A., female, 19 years of age. GALACTOSE.
•;,This patient was admitted on 14.11.33, the third 
day of illness. The severity of the acute stage was 
that of Group I. The patient developed acute tonsil­
litis on 24.12.33. She was dismissed on 11.1.34, hav­
ing recovered without paralysis.
The blood sugar curve on admission showed a fast- 
ing hypoglycaemia and the shape of the curve was that 
of a lag curve. On 11.12.33 hypoglycaemia was still 
present in the fasting state but the curve was practi­
cally normal in shape.
The amount of reducing substance excreted in the 





M. Melt., female, 12 years of age. 1AE7U1QSE.
This patient was admitted on 17.11.SS, the second 
day of illness. The severity of the acute stage was 
that of Group IV. There was mild cardiac paralysis 
from 22.11.33 till 18.1.34, and the legs at the walking 
stage were very stiff. She was dismissed on 3.3,34.
A blood sugar curve on;.20.11 *33 showed a normal 
fasting blood sugar; the curve had a lag shape. On
31.1.34 the curve was normal.
The amount of reducing substance present in the 
urine was 0.566 gm. on 20.11.33 and 0.688 gm. on 31.1.34.

CASS LXV,
E.K., female, 11 years of age, LAEVTJXOSE.
This patient was admitted on 22,11.33, the third 
day of illness. The severity of the acute stage was
that of Group I. Dismissal was delayed till 3.2.34 
“by the presence of C.diphtheriae in nasal swats.
A blood sugar curve on 23.11.33 had a lag shape; 
the fasting blood sugar was normal. On 22.12.33, the 
blood sugar curve was practically normal.
The amount of reducing substance excreted in the 
urine was 0.094 gm, on 23,11.33 and 0.054 gm, on 22.12.33,

C1SB LXVI.
M.S'., female, 14 years of age* lABVUXOSE.
This patient was admitted, on 30*11*33, the ninth 
day of illness. The severity of the acute stage was 
that of Group I. Recovery was normal and dismissal 
took place on 16*1*34.
A "blood sugar curve on 1*12*33 was definitely of 
lag type and the fasting "blood sugar, although within 
normal limits was rather high. On 27.12.33 the curve 
was normal.
The amount of reducing substance excreted in the 




N.M., female, 25 years of age. LAEVHLOSE.
This patient was admitted on 1.12.33, the seventh 
day of illness. The severity of the acute stage was 
that of Group I. Recovery was normal and dismissal 
took place on 16.1.34.
A "blood sugar curve on 2.12.33 was of the lag 
type; the fasting blood sugar was within normal limits 
"but near the upper limit of normal. The curve was
normal on 2.1.34.
The amount of reducing substance excreted in the 




H. McG., female, IB years of age. IAB7U10SE.
This patient was admitted on 12.12.33, the third 
day of illness. The severity of the acute stage was
that of Group I. The patient made a normal recovery 
and was dismissed well on 24.1.34.
The fasting blood sugar on 14,12.33 was subnormal 
and the form of the curve approached that of a lag 
curve. On 8.1.34 the fasting blood sugar was still 
subnormal although higher than on admission and the
curve was normal.
The amount of reducing substance excreted in the 




R.M., female, 14 years of age. LAEVHLOSE.
This patient was admitted on 13.12.33, the third 
day of illness. The severity of the acute stage was 
that of Group I. The patient*s recovery was normal 
and she was dismissed on 22.1.34.
Blood sugar curves on 15.12.33 and 8.1.34 were 
similar; the shape in "both was normal but the level
was rather high.
The amount of reducing substance excreted in the 
urine was 0.172 gm. on 15,12.33 and 0.247 gm. on 8,1.34,

CASS ia,
H.V., female, 11 years of age. IASVULOSE.
This patient was admitted on 15.1.34, the fourth 
day of illness. The severity of the acute stage was 
that of Group IY. Palatal paralysis was present from
17.1.34 till 18.2.34; cardiac paralysis of severe type 
from 28.1.34 till 26.2.34 and pharyngeal paralysis from
18.2.34 till 28.S.34. Positive cultures and a succes­
sion of attacks of acute tonsillitis further delayed 
dismissal till 28.5.34. Albuminuria was present in 
the first four weeks of treatment.
Bl&od sugar curves on 19.1.34 and 13.2.34 were 
"both normal; the fasting blood sugar on the former date
was very slightly subnormal.
The amount of reducing substance excreted in the 




F. Mel., female, 15 years of age. 1AEVUL0SE.
This patient was admitted on 28.1.34 the third 
day of treatment. The severity of the acute stage 
was -that of Group II. Recovery was uncomplicated and 
dismissal tooh place on 14.3.34.
A "blood sugar curve on 29.1.34 was similar to a 
normal curve following glucose with the exception that 
the fasting "blood sugar was slightly subnormal. The 
curve was more nearly normal on 21.2.34.
The amount of reducing substance excreted in the 
urine was 0.306 gm. on 29*1.34 and 0*187 gm* on 21*2.34,

GSSEHXII.
M.H., female, 20 years of age. MWUXOSE.
This patient was admitted on.30.1.34, the fourth 
day of illness. The severity of the acute stage was 
that of Group IX. Recovery was uncomplicated but 
dismissal was delayed till 23.3.34 by the persistence 
of positive cultures.
A blood sugar curve on 31.1.34 was normal in shape 
but the fasting blood sugar was subnormal. On 28.2.34 
the curve was practically normal.
The amount of reducing substance excreted in the 




J.H., female, 11 years of age. lAEVUIiQSTJ,
The patient was admitted on 8.2.34, the seventh 
day of illness. The severity of the acute stage was
that of Group I. The patient had had epileptiform 
convulsions "before admission and she had convulsions 
during treatment on 27.2.34, 6.3.34 and 7,3.34. She 
was dismissed well on 14,3.34.
The fasting "blood sugar was subnormal on 10.2.34, 
and somewhat higher "but still subnormal on 10,3.34. The 
curves were normal on each occasion.
The amount of reducing substance excreted in the 
urine was 0.245 gm. on 10.2.34 and 0.322 gm. on 10.3.34.

CASE LXXIY.
a.S., female, 37 years of age. IAETOLOSE.
The patient was admitted on 19.2.34, the fourth 
day of illness. The severity of the acute stage was 
that of Croup II. She recovered without developing 
paralysis and was dismissed well on 27,3.34.
Blood sugar curves were normal on 20.2.34 and 
on 17.3.34.
The amount of reducing sub stance excreted in the 
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